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Preface 


The histdiy of the Earth is a (bama in whicli ihr aciois au' all 
iL'iil, and the .sla^n ih tlin whole wide world d'he st.udeid iiuisL sinisi' 
the action and led the e.s,sei)ce o) liif>h advi'iitiiie in lluh iiKtirh oj 
tune as shifting!, scenes iinlold and livmy, actors eioss the stae,e This 
viewpoint has contioiled both the selection and the (I'calnieiit ol sub¬ 
ject inatLci in this viduine No eltoii. has been si>au'd in j)repaiinf>; the 
illustiations to make the story vivid, and no evlianeoiis malerial has 
been allowed to bicak its eontiniiily, from the lieiy hii’lh of the phinel 
to the iinfoldinjf ot our niodern wuild The '/noha/i/c, m tom chapters, 
IS intciuled to sot the stap,e and to iiisiiie undeistandinij, id the iiiiii- 
cijilcs used m intei'iiretiiif!, the Haith’s history 

The iipijOndn was iirepaied loi students wlio (mioil in ttcoliyy wuth- 
out prcvnais liainiiiff in Inology Foi sindi hesiiuieis the hisloi'y ol 
life on the Eaith can have little ineaiiniK until they have leaiiied 
sonietlunji; of tke structure and udalioiishiiis ol at least, the maioi 
KroiijiH of aiiiiualh and jdants Eoi siwmal years Yah' siudi'iils haw' 
been required t.o study the material (‘lubiaeed in the apiieiidix as an 
outside assignment diiniig the first weeks ol the course Upon begin¬ 
ning the study of the Paleozoic cia, each is rc(|mn‘d to jmss a sight 
test show'ing Unit lu' can rciogiuzc' tlu' major gioiips o| amuials and 
plants Tills trcatiiieiit has bec'ii emmeiitly salislaetory 

The subject luattei cd histoiical geidogy is inheicidly divc'isified, 
involving as it docs ccitaui asjicels ol astionomy, aiilhiopology, and 
biology, as well as geology d’he daiigei cmsIs, thcudoic, that the 
begmnci will feel bcw-ildercd by the mass ol unlaiiiihai facts diawn 
flora such wmlely diffeiciit fields and, iii the wcltei of details, will 
lofisc sight ol the gland concejitions Fui Hus |•(■aslln w(' luuc tiled to 
group all details about great principles lichcMiig it to he more 
iiniioi'tant foi the student to learn hnin a geidogist, thinks about the 
Eaith thaiuc/mf he thinks about any paiticulai detail, w(‘ havi' taken 
pains to emphasize iiniiciples of iiilcrpietalion i at her than to cafa- 
logue facts about thi' histoiy id the lOarth, appt'ahng thus to inider- 
ataiiding rather than to inciiiory 

Stultified rocks with tluni eiitoiuh('d lossiK lorui a niaiiiiseiipt, in 
stone and arc the source of ranch of om knowledge ol the past liistoiy 

vii 
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of the 'woild It must be confessed, howevei, that stiatigraphic de¬ 
scriptions aie dull and detailed unless iclatcd to the physical history 
they recoid The late Oidovician foimations in New Yoik State, 
for exaraple, might appear to have no inoic than purely local inter¬ 
est, but when they are viewed as parts of a piedmont and coastal 
plain that was growing westward into an inland sea while tlie ca&tein 
bolder of the continent was rising into mountains, they take on sig¬ 
nificance Therefore, in tieating of each period of geologic history, 
we have tiled at the outset to help the student visiialiKC the physical 
geogiaphy of the time and undcistand the inajoi physical changes 
oui continent ivas undergoing. The panels of palcogeograpliic maps 
weie designed as an aid to this end 

These panels are newly prepared from Piofessor SchucherL’s latest, 
unpublished maps The clouds have no metcoiologic significance, 
they are merely a device to hide critical areas for which evidence is 
lacking or inconclusive Just cnticism has sometimes been made of 
paleogoogiapluc maps which show no distinction between wcll-docu- 
mented portions and those that are based entirely on infeicncc Tins 
is an attempt to avoid that sliorlcoraing These maps are, ot neces¬ 
sity, highly geneialized, and in most instances they indicate the maxi¬ 
mum extent of the seas witlim a given epoch raUier Lhaii the exact 
outline at any particular moment ot time. 

Coirelation tables, omitted trom the first printing, have now tioen 
added, m lesponsc to numeious requests, as Appendix B (pages 549- 
554) In their piepaiation full use has been made of the coii elation 
chaits published by the Committee on Stiatigraphy of the National 
Research Council to which footnote references aie made in appro- 
]iriate places in the text 

To avoid the monotony mheient in the systematic account ol 
period after period, emphasis is vaiied from chapter to chapter In 
discussing the Cambrian, for example, considerable space is devoted 
to paleogeogiaphy and to the bases foi subdividing the rocks into 
series and formations, in the Ordovician chaptei, the Tacoman orog¬ 
eny IS discussed at length because it illustrates the principlc.s used 
m 1 ecognizing and dating all later orogenic disturbances In this 
'^'^^.y, geneial principles of interpietation arc developed one alter an¬ 
other in the early chapters, leaving room m later ones foi gicatci 
detail This we believe to be fitting, since human inteiest m the 
rocks and the fossils increases as we approach the modern world 

The collateral readings suggested at the end of each chaptei are 
intended for the interested student who would like to pursue the 
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Rub]ecfc further, not for the speciiiliht oi tlie protes^ional zoologist 
For tins reason, highly tcchninil works aii' not listed, ho\v(!vc'i nn- 
portant they iniiy he from the pioressioniil point of view 

The facts of hisLoiical geology ari' <luu\n fioiu inaiiv sources, and 
most of them are eoiniiion knowledge We have' made no atteiniit, to 
give credit lor such genmal inloimatiou except to cite works on sub¬ 
jects that are controversial and otlieis so new that (liey may not be 
generally known to teachms ol geology Hiich leferi'iices lieai ex¬ 
ponents in the text, refernng to mmilKU'ed citalhins at (he end of the 
chaiiter 

This volume is a siicces'or to, and an oiitgrowlh of, the Tcitbool 
of H)stnrii(d (Icologt/ bv Sclmehert and Diinbai' I(, jireseives (he 
same point, of view and (he same geneial oignnizalioii except for the 
introductory chapicis wliieli are aiianged so as (o Ining Ihc' geologic 
iiine scale neai the fimit The text ol llu' jnevions wmk lias l)c‘en 
largely recast to take accminl ol advances in knowh'dge or lo make 
a inoie C'lfi'Ctn'e pieseidahon Sprx nil caie lias been given to ilie 
illuhtiations, many of which aic' new The “lileed cuts” will s])eak 
lo! Uietiiselvc's 

Tn tlie piepai’aliou ol tins volume Iriciidlv assislanec* has heen le- 
ceived Irom many smuces ft is not possdile to meiilioii lliem all 
specifically, but my llianks aie none llie less leal Among (hose to 
whom T am most purtieulaily mdelilecl aie mv colleagues, ('lieslei h 
Longwell, Kicliaid F Flint, Adoliib Knopf, .losepli T Oiegorv, and 
Joiiu Kodgei's, whom T have consulted on vaiimis pioblems m (ben 
several fields, G Fdwaid f^ewus of (li(> Uniled Slates (h-ologieal Sur¬ 
vey, wdio helped with tlie ehaptei mi Mammals, Coini'lnis Osgood, 
cluunnan of the Depaitnienl id Aidbiopologv ai \hde, wlm read and 
critici/iC’d the eliaplei on Flan as it stood in the ine\ions x'olume by 
Sclinclicrt and Diuibai, W W Unhey, with whom 1 discussed idaiis 
foi the book dining the mi'inmable d.iys we spent alioaid Ibe U S S 
Fanammt on the way to Bikini Ollieis too mimeious to mention 
have wiitten to offei suggestions oi to leidy lo iniiunies idioul siieeific 
details It is a jileasiue to uidviiowledge all tins fiiendlv bel]!, but, 
since none oi those mentioned has read Ibe manuseiipt m its final 
foiin, the w'lilei alone imist assume tlie responsilidity for anv sbmt- 
comings or mistakes 

The illnsti'ations are from many soniees, all of winch aie giade- 
fully acknowledged m tlu' credit line's alluclied lo individual figures 
The fiontispiece ami Figs Kib, B)(), 2();h and 211) aie jim lions of a 
groat muial in Peabody Museinn, painted by Biidol])li Zalliiigei 
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under the diiection of the scientific staff My cordial thanks go also 
to other raeinbers of the museum staff: particulaily, to Shirley P 
Glaser, who drew several of the new text figures, to Percy A Moiris, 
who made neaily all the photographs of fossils in the museum, to 
Sally H Donahue, for her faithful help in the long and tedious jnep- 
aration of the manuscript, and to Clara M LcVenc, for hci indis¬ 
pensable aid in the final editing of the work and the prepaiation of 
the index 

To Chailes Schiicheit my obligation is unbounded At lus feet I 
learned much of what appears here as my own, His assoemtion wms 
a constant stimulus, and lus memory is an abiding inspiration 


New Haven, Connecticut 
October, 1948 


Carl 0 Dunbar 
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I PROLOGUE 


CUAPTKU 1 

HI'X'OHDS IN STONR 

"Tlinr iiill^' llii> (li‘i‘|i will'll' miw ilii' lii'o, 

0 wli.il I li 111(^11 liit'-l lliini si cn 1 

'I’lii'ii' wliiir llii' liiiifi sliii'l 11 ),ii' liilli lii'i'ti 

'I'lii ■'(illiK"-) 111 dll' (I'lili.il 'i.i'' 

'I'l/N \ 


PvM,(K,i,(HiRvi'in A Sriin i\ Ancikm’ I,whs wn 8i;\s 

Evidence of Ancient Seaways. II Koilli \ini'ii('ii wcri' il('pn“.‘>(’(l 
(iOO ilic iMbMS''iiiin \ alley \MHilii lie a riimI inland '■ea, llie pies- 
eii(, (’ain.sinl I’lain nniild he liaii''l’iiiiiie(l nilo '•ea flooi, and Idiirnla 
mil) 11 .suhiiuiriiie hank I Kij; 1l 0\ei llie^e snhnieitied ari'as sedinieid 
wnllld Sinead, hinvniti sea '•lielK, sliaik''’ leelli, and oi'i ,wonal InmeH 
of poipdises and whales, while huieli }iia\e| and hainaeles and oyster 
hunks w’onld aeeninnlali' alonji lh(‘ '•lioie zone 
If laler the eoidineiil weii' nplilled, Ihe ■'I'.i would ol eonr'-e disiip- 
llear, hid these ni.ilnie depu'-its wonld ''till loini .i telltale leeoid of 
the snlnneifii'iiee, and hy ploilinu; (hem on a map we eonid n‘s(oie 
moie or less aceniatelv the limit'' ut the \amsheil '■eawavs Fniuu‘ 1 
visualizes such an Iia pothetu .d Mihmi'rfii nee ol Noith Ameiiea Klfi- 
me 2 show-' ds actual eonnti ijiait in Malay-’ia, which was lonp; a pari 
of the A-'iatie mainland hut m leeeiit nenlo,tiie time has heeii suh- 
in^iged aliiaii 2tl() leet, lluodiiiu the Inwer paits tn loini South C’hnia 
and ,hi\a seas l)iowned \all(^'' id the streams that, once eiossed 
Ihese lowlands can still he liaeed on the ,sea lloui 'The laine annnalH 
of Ihii'iieo, Simialia, and ,la\,i mip,ialed Imin Asia aemss this inler- 
vemnn liiwdand helme it, was sohmeitied 
Suhnieiiidiees as finat as (hat snnMcsicd ahiive hn Ninth Amei'iea 
lia\e actually oi (lined iiiany times ni the p.isl, I'lthei heeanse id' a 
general n.se (d sealeeel m heeaine 1 downwaipuifi ol the ('onlinent 
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itself, and the outlines of land and sea have thus varied widely from 
age to age 

Data for Restoring Lost Lands. Sediments accumulate locally 
on piedmont slopes or valley floors, or in basins on the lands, and 
they commonly have distinctive characteristics, such as mud ciacks, 
footprints, skeletons of land animals, fos&il land plants, oi coal Such 



Eiq 1 Southeastern portion of Nortn 
Ametioa as it would appear if depressed 
600 feet The deeply shaded area would 
then bo shallow sea, the bluok areas, deep 
sen 



Ido 2 Malaysia, a poition of soiitli- 

eastein Asia thni has boon pin tly snb- 
merged within tho iieai hpoIoric past 
Adapted fioin Van ftiel 


iionmaime deposits aie clear evidence of a land suiface, and, if those 
0 a given geologic tune are plotted, a minimum measure of the ex¬ 
tent of the laud area may be had Fossil animals and plants may even 
indicate the approximate altitude and the climatic conditions undoi 
nlnch the beds were deposited A stiikmg example of this was ic- 
eently described loiu Kaslimii Valley high in the Himalayas, wheic 

hiiitTrni yielded a species 

000 feet and m localities of subtiopical temperatme It i,s elcm 
worn foimef'' 

Since a land mass is constantly exposed to the forces of oiosion 
the sediments that accumulate on its surface are eventually reworked 








HI'X'OHns l\ ST()\K 


I! 


and c'iinu'd into flu '■I'u, cxci'pl wlicin tlicv hii\(‘ hccn d(A\nwiirpcd 
or (lownliUilti'd ludow l‘h(‘n manno ‘■liida, liii\\c'\('i', iiiav 

ihiow inncli (in tlu‘ pn-dnin and (dial.n Id nt llic land limn \^ln(d^ 
Ihuy W('U' dcincd Dniina (ran-'pml, (lie -(•(Inninl •'i/.c-amdcd, (lie 
cosu'sc"'! in.ift'iial al^^a^^ ciniiiii'^ hi ir^l lii-l, while pim'ie^.-nidy finci 
dclrilns d caiiidl lailliei and laillier llenic, il a iiam'. nl sha1a 
grade'' li'oni line in mie diieelimi In enai-'i'i in anniliei, il l^ e\ idenl 
thaL the nlliinale ''(iiiree lav in llie diieelimv nl ineiea'.nig i naiseiii"'-' 
Plnll.nig nf ''iieli dal.i Ini llie lieiN nf a I'nen .me nia\ indiiale llie 
apprnxnn.ili' pni-ilinn and exhnl id' tin l.iiaU, .ind wlieie a iiams nl 
strata ‘'linw'- eliaimei' limii iiiaiine fn nmini.iiine depn-ilimi, llie ap- 
jiioMinali' slinieliiie id llie lime nia\ he diawn 

In niiisl 111 llie l.ile aenlngie Ininialinii-' llie a)i)diealinn nf tlie.^e 
c'l'iteiia 1 ^ nlninii'', Ini tliev pniiil In '•niiiic'- in l.ind lhal .lie 

htdl Mipplving''(‘dnneiil.' When applied In iii,in\ nl liir .unieni tni- 
inatinns, hnwe\ei, Ihev indiiale liiahl.Hill's wliiih nn Iniigei e\i'l, and 
in .snine inslanees Ihe le.sidls tiie suipiisma I'lie ,^an Oiinlie enn- 
gliiiiieiale id ('.dilmiiia, Im evaniple, iiieie.ises ni enaiseness Inwaid 
the wesi in ''iieh a wav as In indieale a sninee id i|s cniuse hnnlders 
in linihliuids wes| id Ihe ineseiil shniidllie 'I’lieie d rniilll ininu; e\ i- 
denee, hnwevei. Ini snme n| these hniildeis are nl peeiiliai Ivpes nf 
iiu'laninipine nn k lhal aie nnUnnwn nn (he niainland hiil dn emp mil 
on (kilahna Island, smne ID miles oH ^hme Tlie inleienee is lhal Ihe 
islands wc'l id smilliein < '.ihlmnia an leniii.inls nl a laigei land mass 
that stood high while Ihe San (hmlie emnilmoerale was Immiiig, and 
ha.s .sinee fniiiideied 

01 eonise, high rein I and lie.ni laiiil.dl lesiill in lapid einsioii tind 
I'clalivelv in.iise deliilus, hiw lands, mi Ihe cmili.id, supply niilv line 
mud 01 niineials ni suhilinn, and waini mms| idimate le'ids In Ihnrongli 
t'lieinieal decay ('nlieal stinh nt Ihe sedniienls ma\ Iheieinre iiidi- 
(‘ale not ineielv Ihe [insilum nl l.nid ni.|ss( s Inil .iNn Iheii iidalne 
height and liie type id eliinale llial pie\ailed dining Inng-iiast ,gen- 
logie ages 

Vestiges of Mounttuns The gjioiih and dee.ay id a inminlain 
range aie lecmded in Ihe imks Imig allei llie inmnilanis Iheiiisehes 
have ihsappeaied 'I’lie nalnie nl (he (\idenie is indicaled in h'lg 11 
Block d n'lnesenls Ihe legimi hepiie clisliii hanee, i( is hii'nied nl llal- 
lying heilded 1 IK ks wilh a Inw land a( Ihe i ighl and shallow si a at Ihe 
left [1] ill It is iinilei w.iv in Idnek />', and Ihe s|mla .d (he iiglil aie 
being hiadsled inin low Inlds Slieaiiis ale heginiiing In inlreneli (lieni- 
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selves in the higliei paits, and the old mantle of fine and well-decayed 
sediment is being stripped off and tran&poited to (he sea, wlieic it is 
spiead again as layeis of marine mud Thus far tliore is but little 




^ Eive stiigeb III the iibe und dcca\ ot a mountain range Sediments, doiivod 

f j'oPO^’ted in the geobyncimo at the loft, luo shown in lilnelc 

xjengtii of &ection, &oin.e tons of imles 


sand and gratel because the streams still have low giadient Block C 
repiescnts a later stage after strong folding and faulting have pro¬ 
duced rugged lelief in the mountain region, and lapid cioaioii is load¬ 
ing the stieam with sand and giavel as well as mud Upon reaching 
the slime zone tlie streams are overloaded and tend to build an ag- 
giaded coastal plain extended locally into deltas Meanwhile, as com- 









iii;('()j{i)s i\ vi'ovK 


inonlj^ (icciii', lh<‘ ujiliH in llin mnunlaiK ictnoii i-- ('(lunlciliiihmccd liy 
sinkinp, 111 tlu' fluin nl a ihmi-Iiv p [Irfti, nnil licic Ilia scili- 

int'iil ilc'i'UI’ll lioiu llir innuntam'- ciuih''' In insl, the anil (nai'si' 

sfuul iK'a! '•liiiH' .'unl till’ liiii'i 'ainl ainl nnnl laillici mil Hlnik I) 
hlul\\^ a liili'i i'lap' alli I Ihn ii’amn nl' niihll Inm ln'i’u pi'ui'iiliini'il 
Till' ninmilaiii'' 1m\i‘ imw x.mNlifil, ami 'lina’i'-li ^lir.uu" nii'aniUa 
aciohh a Inulaml, nnly I lie liiii’-l '•uliini'iil 'PIk' cvi'li’ i^- 

{‘iimpli’li’ in lilni'k a- llin mainii m a‘'aiii •'Ulnni'iai il ami •'iiallnw sea 
cii'i'l)’' in iiM’i llin ^ili' nl llm vanmlmil liialilaml" In lnii‘\ llii’ innls nl 
(.lia lunimlniiis with la\ri'’ nl lim- nnnl nr linii'-lniir 

At Ilia'-111 lai'i' all 1 1'll I"- nl llm imiiinlaiii' aia imw umia, liul nmlai- 
j^l'ininil thala ara lamnU nl Iwn ^nll-, nim whaia llu iiinuntain'- ''Innil 
and annilmi wlmii' limn di Ini- ,ii‘ciimnlalad II llm ii'amn m u|dillad 
and dl''''i‘ldail al ■'nliia lalal dala, llm-a lamid' will lia lilnilalil (n hp;lil 
In llm luaa nf dmliiilmin'a a |iinlnuml nm milni mil s will ^I'liaiala Ilia 
]iiis(-nini!,ani(' -liala imni ilm liiiiiad nmls nl llm ninnni.iin', wlinNi' 
ti'unaalad Inid- and I,mil' ma^ imlmala llm n.ilma nl Ilia di'luilianci 
and sniiu'lliiiia "1 llm -i''' "I imluiihml Inld' and lanll hlnaks In 
hlock A' nl nnr ln|inl|nlnal rn^i\ Inr cxainida il i- i Mdaiil llinl llm 
fnliN waia npan In (la lall nl a ma|ni ihiU'l and llial In llm n}rh( nl iL 
Ilia sliala waia iiinia -(wnah imi'liad ami dalmiimd II wniild ha 
(|iiil('siinpla in ■'IK II a (a-c In ((iiinl tin ma|ni Inld', ta'lma llm iiims- 
nip, paiN, and dalainiim llmu a|ipin\imali dinmn'inii'' 'Pirn dale nl 
Ilia di.'liii ham a m (Icnilv laim ihan Ihi Miiniaa'i -tinla in\nl\ail m 
lilt' dalninialinn, and aailni limn (Im Imii-. ni si .ihma Ilia imanii- 
hivnutv 

A tai'y dillaiaiil, Inil i nnifdi iiiaiilan , icanid i- luiiml in llm area 
oi dapii'ilinn al Ilia iall l h/m/, l In 'n lai H' llm ilahri' nl I ha da- 
sti'ovad iiiniintain laiip aaaunml.ilad haia. Ilia \nliiiim nl Ilia dalnlal 
.sadiinani Imam .i di liiiilc m lalmn In llm '-ua ami hai<j:ld nl Ihaiaipa 
in llia'a dapii'it- will lamid llm aanlnam d.da al whiili iipllll 
and aiii'inii waia lakiim plaaa, ami nliMnimly lha anai'a'I p.u'l nl tha 
f,adniiaii(ai V laimd will mn la'pnml m Imm with llm nni'l raind ain- 
wnn ami lha aiaala''! n 1ml m llm nplillad aiaa In Ilia latiinn nl dt’iio- 
.silinii lha ainwih nl llm ian(',a m lallaalad in niaiaii'ina inaisaim" and 
aval widai ',pia,iii nl lha '•and'- ami yiatal', and ih dm him is Imli'ayad 
hy au'luin In dapn'il' nl himi ,iml himi tnaiii llanaa, il llm lajjinn 
(if dapnsil mil w ai a ,i \ ailahli Ini s| ml \. d wniild 'I ill Im pns'ilda In iiifi'i 
imuli aliniil lha pn'ilimi .md 'i/m nl lha nplill and In dala il iii aaiilnti;!!' 
Inna, ataii il lha 'lie nl llm .nnmiil inniiiilain' lainniimd anvaiad, ni 
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was repeatedly distuibcd until the early lecord was obscmed, or if 
it foundered beneath the sea 

To apply this lea&onuis to a specific case, consider the sedimciitaiy 
deposits ot micl-Latc (Iretaccous date* which aic plotted in Fig 4 
They clearly i ecord a vast inteiior sea that extended fioiii the Gulf of 
Mexico to the Arctic Ocean In the eastcin pait the Cretaccons forma¬ 
tions aie of fine-guiincd shale 
with some interbedded chalky 
limestone, but towaid the west 
they thicken and coaisen, includ¬ 
ing along the westcin niaigin vast 
deposits of sandstone with local 
congloineiatcs, Clearly the soiiice 
of this matciial was chiefly fumi 
the west, and it must have been 
a highland of ronsidciablo nig- 
gedness Fuithcimoic, as we iqi- 
proach the ivestcin inargin, the 
rocks contain land plants and 
dinosaur bones, and locally have 
much intei bedded coal This 
must rcpiesoiiL a swainjiy coiisLul 
lowland boLwcen the moimtaiiis 
and the sea The enormous vol¬ 
ume of the dctriial Cretaceous 
locks in this legion sJiows that 
the land to the west ivas moun¬ 
tainous or xvas rcpcaloclly u])- 
lifted The land to the cast of 
the sea, on the contraiy, xvas loxv and flat, conliibuting but httle sedi¬ 
ment to the inland sea By the application of such principles we can 
lestoie the majoi featuies oi Noith Aincnca as they existed duiing 
Late Cretaceous time some 80 to 90 million years ago—a conlmeui 
separated by a vast strait into two land masses, the eastern bioad and 
low, the western narrow and mountainous 
The leconstiuction of ancient lands and seas is the science of paleo- 
geography {Gi palaios, ancient, -|- geography), and the mleired res¬ 
torations (for example, Fig 4) are paleogeogiaplnc maps 
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Fio 4 Mop ot Nortli Aniouca as it 
was 111 micl-Late Cietaceou<i time Piesent 
oiiUiO])', of Cietaeeoua rooks, ot this date 
me falioivn iii &olid black lufeirod seaways 
aie bhowu in deep sliadinij, and an area of 
fluvial deposils is indicated by liorizoiital 
black lines Deep sea is shown iii black 
with on overlay ot white lines 
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Tin: (lioLdMc ('(H.imn A Mwi'.ikiim' in Suini: 

Iliiniiiii hisldij \\;C' lint 111,(lie ui one coiiiiln, luu could il he hilly 
detenuiiu'd in n ''in^ilc coiUiucnf 'I'lic locii- ui niciiI c\rnts lius ‘'hilled 
from iifio to ime- lioiu (he (hieiil lo iNUNpl, (u (liceee, In Home, and 
liiiiilly (o we-'hi’u iMiiiipe and Nmeneii 1 ( was neee,'sai\ (n euimuH 
miviui''eni)D and luahiials lium many iiaiU id ihe woild and lo j\t 
f/ic fm'ce.s (i/ Willi IK'V toiiitiui ni tin /no/a/ i Inoiinloiiinil oiilri hehu'e 
the Insloiy of mankind eonld he (old 

Eai'lh liisloiN, likewise, musl he uainind liom (he ueninnie leeont', 
111 widelv I'cadeied pails ul (la world, and llii'se leeoids mns( he 
pieced (o,ee(liei in (lieu piopei s(.(|m.m( d, the stml\ of a local 
let^inn (he ciceessiim id mek loinialioii' is eiiniinonlv incsinied dui- 
Siannnatiealh as ,i ciiliiiinioi stilii'ii (I'd^s ~k llM, lepieseiilintj, (he 
foruiations as (he\ would ,i|i)ieai in a widl i oie, (he iddest .d (he hoKom 
and younger ones in supanai (ow,ud (lie (op The eoinposde leimd 
for the whole wmld nia\ in 'unil.u (,isliion he emisdueleil Ik sapii- 
poHiiifi; the nia,|oi mils iinils (loni dilleieni pads ol (lie wmld ni (he 
form nl (he (/Mi/mm loliiiini !('eminleii>ai( n (he i/Mdoi/a Iniii'rlitnl 
(idtf iS) 111 wliieli nia,|oi iiiids ol eioloaie Iniie aie aiiaiimd lo eoiie- 
s]ioiid with (he aeohnue t ohiiiin II sei\(s ,is a li.imewoik uhoiil 
winch (he liislmv o( die l,.ii(h m diielotad The innieipies used in 
hmldliit’ up (he ncohaiie i oinnin and (he lime chad now deseue a(- 
tenUoii 

Superposition, Since sedinieiil.ii v locks oiitunale as loose sedi- 
mciili spiead hiM'i U|ion la\ei. i( k e\iden( dial ni any noinial section 
the iild(‘st lied is at- (he hodoni, and each in (niii m vonnaei (han the 
one on wliicli i( ies(s d’his simple and sdl-ei nleid piiiieiple is the 
Law oj i^npi'iiHwitioii 

In disliiihed areas, ol ionise, (he noinial sui cession mav lie locally 
inverted, as m the lowei limh ol an n\edinned lold, oi i( mav he in¬ 
terrupted, or dnplnnled, hv laiills, hut sm h ahmnimilides will hetiav 
tlieinsehes m i'\idenies ol disluih.uiee and in .in nniialmal set|uenee 
of fossils (ne\l iiiu,u;iapii I 'I’lieieloie, m a ueneial s(ndv ol a iei>,ioii 
(if lelaln’elv sniiide s|im.|me. (lie siimcme ol heik ean leadilv he 
iiseerlamed hv the mdei ol snpeiposiiion 

Faunal Succession Most loim.dioiis ol sedinii idai \ lock iiieliide 
fossil remains id Ihe annuals and iil.inis (h,il h\ed while (he siMlimenls 
w'crc aci unuilalim; 'I'he ussi i/z/i/m/f ol animal spei les hsinu, loftidhei 
at a }j,iven lime and jiLu e emislitiiles a (iiinia, (hi‘ enriespmidint; as- 
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semblage of plants is a flora Thus the animals that now inhabit a 
icgion constitute a modern fauna, and the assemblage recorded by 
fossils in a bed of stiatifled lock constitutes an oldci fauna tliat lived 
uhile the lock was forming 

Just before 1800 William Smith, studying the Jurassic rocks of 
England, discovered that each foimation has a distinct fauna, unlike 
those above oi below He also discoveied that the cliaractciistic fauna 
of any formation can be found m outciop after outciop as it is traced 
across the countryside, and so the chaiacieiistic fossils serve as a 
guide or index to distinct formations which he could iceognizc in any 
outcrop, without the necessity of caieful tiacing Vast experience, 
accumulated since the days of Smith, has shown that this is a piin- 
ciple applicable to fossil-beaiing rocks geneially, and it is Uicicfoie 
one of the most important discoveries evci made in geology, since 
it permits us to identify rocks of the same age in difforent outcrops 
and even in widely separated areas, and so to piece togothei the frag¬ 
mental y recoid 

William Smith did not know why each formation possesses a dis¬ 
tinct fauna; his inference was based solely on study of a region of 
lichly fossilifeious (fossil-bearing) rocks where the strata dip gently 
and the order of supeiposition is self-evident We now know, of 
course, that diftcient kinds of animals and plants have succcedeil one 
another in tune because life has continuously evolved, and inasmuch 
as oiganic evolution is woild wide m its opeiation, only locks formed 
during the same age could bear identical faunas 

Where the structure of the rocks is simple, the succession of faunas 
that occupied the icgion from age to age can bo dcLcimined by study¬ 
ing the fossils of successive formations 

When tins succession has been confirmed by wide experience in inaiiv 
regions of undisturbed strata, we may bo confident that dillercnt forms 
of life succeeded one another m this ordei m time on the Eaith 
Therefore, the appearance of tnlobites and dinosaurs and threo-toed 
hoises IS not foituitous and irregular, each lived only at a certain 
time in geologic history, and each is found fossil only m a certain jiart 
of the geologic column The relative time of existence of a vast 
numbei of kinds of animals and plants has now been established, and 
their place in the geologic column has been canfiiracd by the co¬ 
operation of geologists the world over This is not a tlicoiy deiivcd 
a vnori, but a discovery painfully and tediously worked out by the 
systematic study of the faunas of rock formations caiefully located in 
the geologic column It is an impoitant natuial law that fossil faunas 
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ind fl-ouix i^udcri} our (luotlin ui ti th jnuti and ih In iiunahlc, oidn, 

Correlation of the Fraf^monts of the Kecorcl. 'riic lualeliiii^ iil 
blriilii or liiiunitloii^ li'niu iml(iM]i tci nulcuip loi imm well In well 
uiKli'ii’uniiiil I to ili'K'i iniiit' tin'll iiiuliiiil nlaliini'' uud ile^icc ut 
c(iuivali‘u('t 111 aiK' i" kiiouii iis runiloloiu It u an nunoilimt btcp m 
wiirkui^j; out Hit' firolneu lii'lim Ih'I'.iu-i' im ‘'inali' aica ('inilaui'^ u 
icciii'tl 111 all lm'iiIolMi liiiic, iunl il it ilul tin' '-('clnm wnnlil lio sn thick 
that it'' ha'-i' w ouhl he hunt'll In \ninl nui icach II n hu luu.ilt*, llicrc- 
fiiic, that till' ait'in 111 ill iiii'-itiiiii hurt -liiiU'il liuiii liiiii' to luiic ni 
kci'piuK''ilk Iki' iiH'uulai waipiiiaoi tki' I'.aiik''' iiU'-l Allliiiuah no 
■^ectiiin n I'luniili'lt', il(']iii-itiiiu lui'' lin u I'nmtantly enina on iii iiiu' 
plaia* 111 iUiulki'r, ami \\r lu'i d milv ilmcoM'i' ami I'luii lata cmiutrli id 
the n'allcii'tl liaanii'iil'' in huild up .i emupo-'Ui' lenud nl all u;i'oliip,ii' 
Lime 

Fur luiiie than a humhed m"ii- the m'liiuui'-l' u! all euuuliii“- li'ive 
been eii-iipi'iatimi iii ihn I'udiaMU. ami ilie total lluckm''-" ol the 
''Indilied lot'k'' now u cneiii/i'd wnuld i \i eed 'itlD (IlHl lei'l 1 '.la niilei'l 

II all the hi'iN weie diU'cih ^upi'i |in''i'd 

Slime lit the I'liieiui imi d ui luiiilaliuu aie dhmiialed hv Fifi fi 
'I'lie ielt liloek I 11 lepie-i id' ilie lunualiiiii' i'\pii'i'i| iieai the umulh 

III the (hiind ('.iiison, ami tin ludil lUU' I/It a i iiiie')iiimhuy: 'eetuin 
aLihuihl Aiuu'l I'lail iihnid HID luih ' laiihn eu'l \ eeueial \ii‘\i 

Ilf IhcM' fill mill lull' 111 i\ lit 'I I'll 111 h’l'j,' a'i 'iiid I'll) 

At, Hiiylit ViiL'i'l 'I'lad tiii liuni'illuii' ol 'lialilied lock aie ircoii;- 
iii/.ed, ami iii the we'ti i ii 'i 1 1 loii Ihi'io are al'o ien W hen we at Ieiiiiit 
to I orielate line \s ll ll I he ol hei, It aiipeai'' that \o ID at Hiii;ht iViimd 
Trail 1' the 'Uiiie U' \o ID al ihe nioulli ol the eaiiNou, liecaili'e ( 1 ) 
it hiiliF the 'iinie lehitive jio'dioii al tin iiiii ol the caiivon, till it 
lircM'iit' the 'aim lit huh inii' appeaiaiiee ihnmi. a hull-\\eallieini|!„ 
cliertv linie'liiiiel , Id) it amee' in ilmkiii", ami ill it viehl' the 
biiiiie kiml' 111 iiiainie ni"il' wlinli iii i ai h 'eilioii an Inuitiil to this 
milt II mole iiiool Well' iieided. (al we eoiild lullow Ihe imi (it the 
fiiiiyon and liaei Ihe Imnialmu Imm one 'eelnui into Hie ulhei 'Fins 
IS the Kaihah Imie'lone that imi' the ( hand ('aiiMiii lioiii end to end 

In the same wa> , \o a ol Hie eimli in sei'lnni i an he cuirelated with 
No 5 (i| Hie wi't It 1' the ehll-hiiiiiiua Hedwall Imie'lone which 
iiiaintaiii' the same liHiolmue ihaiailn ami aiiiuuMiuidely the same 
thickness lor a ili'laiiie ol imiie Ilian HID null' 11 * la l’>Dl FiU'Hiei- 
more, it, has ili'linetne los'ils, and il imps mil in a hold ehlf and 
forms a hench that can he lollowecl coniimioii'h alonjj; the eanvon 
wall 



historical geology 

This gives US Iwfi tic-pomts oi key hovzons for coirolaimg the dis¬ 
tant sections The intcivening foiraations, however, present more 
difficulty In the eastern section No 6 is a bright icd suiidstonc and 



Fill 5-i "Rloplc and section of the foimationb exposed iieai the mouth of tho Cxjuiid 
Canyon of the Ooioiado llecogmzed formations aie nuinbcusf 1 to 10 

sandy siltstonc with fossil plants and foolpnnts of land annnnls, No 
6 of the western section is a light gray hiuestone hearing inaiiiio fossils 
The two seem to hold the same relative position in Liic sections, just 
above the Redwall limestone, but they arc totally dilfcicnt in liiliology 
and are unequal in thickness, furthermore, they have no fossils in 
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coniuion, tlic one licaim^ iiijiiiik' '■liclK /md the othor only ic- 

niiiiii'i (il land hie It l^ e\ideii( that luilli are liuiiled in af^e (o Mime 
])iu’t of (he tune helwei ii (lit depn'-ilmil id the i!i dwall aud liie Kaiiiaii 
liiiie^lone-, i'u( ^e\ei'id .dtiniiitne lel.linin'- immi hi eoii'-idered (li 
the Callvdle liine'lniie iiki\ lie the nldei. ihinnnm la^lwaid (n disap-- 
pearehoil ol IhmhI \imel d’lail, i ilhei hiean-i i,/i il wa^ ne\ei de- 



I'lU f)/) HllJl k of lllC I IMN (Ml \Nail IImI M ( 1 loll of t ilO fi Mill lI MMI ' ('\| M l M 1 IK ill Bl l^Ul 
Ari^(*i'I'liUl, f (I iikI ^ 'iii\(Ml of (111'( oloi ulo BKn 4 'iii/( 1 1 foi 111 If |(Mi II ('niitiil H'l (mI I (old 

{Kisileil liiere, III Ih) il \i,i'-ei oiled awa.i helmi depo-ii mn of I he Siipai 
fni'inaliiin, m (J| (he Snpai (orinalioii m.tv Ik* (lie oldei, (hiiniimi; aesl- 
yaid for edliei id (he le.i'-oim ‘'iiii,'i,e''(ed alio\e, in ( !l (hey iiuiy he 
eqiinaleul in a^e, lm\ iiifi, loinied niidei ih((iien( en\iiouiueid'-, or ( 1 ) 
they may he eqnn.ilenl in pail, willi oiu ii jiie'-enliim; nune lime (lian 
(hi* oilier Mo''( ol (lie (iileiiii ii''ed lii eoiiehile (he Kaihah or the 
Itedwall limevlone i annid he apidiiil heie, |ui the ('alhille and Suiuii 
fnimiilioiis .lie di''''imilai m hlholiiy,v, ate nneipuil m (liieKne'-s, and 
have no lo'-siK m eoinmoii Uiil (he ('alhille ran he (i.ieeil eaNiw.ud 
ulnii^ (he \\,dls id (he (ii ,ind ('.iiiMui, and I he upper pal I of il is hiuiid 
in eliaii'j.e hileially, us (he hmeslune lieds hml heeome sandy, llien led- 
dish, and imally alleiinite with liivem ol led Mll''lone and sandstone 
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(Eig 187) It intei tongues, in short, with the Supai foiraation, and 
therefore must have been formed at the same time The intcitonguing 
of these formations, one marine and the othci nomnaiine, indicates that 
the seashoic fluctuated back and foitli acioss a wide belt duiing dep¬ 
osition Fossils, how ever, indicate tliat the lower part of the Call- 
iille limestone is oldei than any part of the Supai; hence this part of 
the Callville toriiiation proliably never extended as far cast as Bright 
Angel Trail Moic field work actually is needed to confirm this belie f 

Still another basis for coi relating tlie Callville limestone and the 
Supai redbeds might have been used, even it the Giand Canyon had 
not revealed the lateral giadation and uitertonguing of one into the 
other The fossil plants of the Supai might indicate the same position 
111 tlie geologic column as the inaiine fossils ot the uppci part of the 
Callville This would be tiue if in some othei icgion—say, New 
Mexico 01 Kansas—tlieio wcie an alternation of nianiio and non- 
marme beds canying the Supai flora and the Calhille fauna Indeed, 
coirelatiun ot tvo sections in this mannci through a thud is common 
pi actice 

Similar problems aie presented by formation No 4, whicli, although 
it holds tlie same relative position in each section, boLwcen the Munv 
and the RedwalL limestones, diffeis in lithology and iliickncss and in 
faunal content in the two sections 

To recapitulate, it may be noted that formations in separate out¬ 
crops may be cnirelated because of (1) lithologic similarity, (2) sim¬ 
ilar thickness, (3) similar position in a sequence of formations some 
of winch are known to be equivalent, (4) continuous tracing bctu cen 
nntcrops, (5) lateral giadation and intertonguing of one into the oLhei 
when the foimations aic lithologically dissimilar, (6) identical faunas, 
oi (7) fossils that arc dissimilar (for example, inaiinc vcisus iion- 
manne) but are known to occui together elscwhcie and theiefoie to in¬ 
dicate the same age These are some, but not all, of the means by which 
strata ot the same age aie coirelatcd flora place to place Commonly 
not all of them can be applied to a given sduation, but the inoie that 
can be used, the more secure the correlation 


Subdivision of the Record 

Although tunc flows continuously, both human and geologic Instoiy 
are punctuated by important events that justify the lecogmtion of dis- 
met ages Indeed, if we aie to desenbe and discuss the vast leeoid 
embraced m 500,000 feet of strata, it must be subdivided into con- 
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venient Hints, Imlli laii'i- ami 'ina!!, .nal n i- Inalily ilr-naiilr tliul 
the subdivisimis s||i,n|il Iuim a imiiual iia-i-. ajiplicalili' the wmlil 
ovGi', hii Hull \M'ik III (liUciMif I iiMiii I It'S i’i!) |it mfii ,) ((i|[iimin Itainc- 
woik T)|I|S la) lliu aUt'iuiif lum l»iii t<iil\ -iiccfs^lu], ami 

we must 111 I'Mimim i he ju nlil'lu aiul it iIiIIimiIiu'- 

Diahtrophism 'I lui'i wlm !« In vf ih. n i a iialuial has|s lni siiii- 
(!ivul)U|L!, till'ai'uli'i'ii’ ii'ii'hI mif tis.'i i v.iiiiK apiiiu alili ii'umhi as 
[i)llii\\s iKia 111 

1 n (IcpiisiiKill 111 SI iliiiii III iiifulil I'l a I I ' 11\ i> Ik 1 1 ‘ Im a linic 
a iiatiiiai lin'ak m lixitu ni tin 'iiatu'i ipiiu' iiiiuil wmilil ii'siill 

Even if till' siit's III Ili'pi I'll ii 111 imiil\ 'Iiiiii'il in iiian i s'llilr placrs - 



i< K. (» [ )Mri lliUll |M< I'l' tfitt I 14| i >i« I |< t 1 l>) 111 Ilul |« il 1 (t|IV>>iiilitl(Uhl- 

V<‘11 H ul lli‘ I't H l\ «»\ M't't 1 If * i| i IM* I •'1*1 • * l*f • 4 1* »• ! ilKl ^ flu 1* \ I 1 f if 1 lu t tl|'* 
of llio (fiiUiiU'iitul iu’li umI Ufn < ?li> !• V* 1 'll flu ' • I «i*« ni i)m‘ oi » 111 


liiv I'Naiiiliie, till' (Ill'll III ill' 'll I'p 'I a itu n nil wmilil, in ellei 1. In 
the same, sliii I wr air ilim il* i mu n in i| i.nh \i ii li i hr 111 m il I lial n 
UMiilahle nil llir l.iml an a- 

‘2 A(, liiiun liili'ivil' llii I aUii' till I lia mil lri "I nir iiia|iii ill-- 
tiil'lium'i's dial eaii'iil nimiiiiain in imiii ImalK ami al llii saim' 
tune pi'niliiccil liiiiml iipliii ni tin imtiim ni- ami iliipimnt: nt Ilir 
neeun liasiiis 

a d'lie iiiaifiiii' III dll I'miiimiii ilmp nii lapulh ni ih rp'ca n limli 
has a iiiiiiiiiiiiiii ileptli 111 iilinil In I ami ni 'i \ i i a"i i U iiim r I hull 12 (101), 
and the neeam, at lue'i'ui, an 'lii'hiK lunie iliaii IhiihImI, 'inlinia 

ovei die emiliiii'iiial 'liil'i~ in inim sliallnw niiininuil sn/s ami, m 

]ilaees, spreadiiiu lailhri lulami in Inmi 'hallnvs tjunn .im. like llie 
Baltic (tir flu niaiulami i /I’l i m i / u/i/i 'i diiiu iilai v depii'ils 

aei llllllllale nldv lll 'Ilrll 'Irillnv. ~| as nl nil die laml', dliisC ill llu 
deej) sea me ImeM'i he I 

4 Ntnv, il iiiajiii epenile- ni I iii-iai di till h.inee di I'lieii die deep-sea 
basins, Ihev leml In dian n|i du aai'i limii llu 'liallnu "cas ami In 
leave Ilie eniiliiienis (\|iii i il In wuh pn ad 'in mh 

f) Aller Mieli ,i peiiml n| eiii'lal nine -t and mini Iminl, lelatlve 

stabilily is allaiiied riini 'laliMl ii e- 'hm h as i .n li mill nl sedi¬ 

ment lniiis]iiii tell In sen (lisplaeis an npial \nliime 111 \Milii (nlliei 
factoi’B alsii inav lU'ndiiee a slin\ use in si;i|e\ell, and dii' resnll is 
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that shallow seas spread again and thus begin a new chapter in the 
sedimentary lecord 

6 Inasmuch as the oceans arc fiecly connected, a rise or fall of 
sealevel is world wide, and major breaks in the recoid due to deepen¬ 
ing of the ocean basins should conespond in all quarters of the globe 
Insofar as this is true, we have a basis foi subdivision of the record 
that is both natwtal and umveisal 

Confusing Effects of Local Warping Thus far we have asMimcd 
that the continental masses are stable dm mg tlio use or fall of sea- 
level Of course, they are not There is abundant evidence m inoclcin 
coastal belts that some regions aie rising while others are &ubsrchiig, 
and it IS quite certain that similar local waipmg has chaiactciized the 
movements of the past Tims, even at times of general continental 
emergence, some areas are downwarped enough to persist as basins of 
deposition and even to retain niannc wateis In such regions deposi¬ 
tion continues even while most of the continent is iindei going erosion 
Moreover, local disturbances, even with stioiig orogeny, may occur 
during times of general continental submeigencc, and in such aieas 
theie is a conspicuous unconformity and a marked hialus of relatively 
local extent Such inegularity of movement in the land masses makes 
it difficult to evaluate the bioaks m the record and has led to many 
contiovcisies 

The pioblcm is illustrated diagianimatically by Fig 7, tlio iippci 
part of which represents a vertical section acioss a region of eoii- 
tineiital dimensions including two gcosynclmes (at B and D) In 
the lower pait, twenty horizontal bands are laid off to rcpicsciit ns 
many units of geologic time, and that part of the stiatigiaphic record 
belonging to each time unit is lifted to its pioper band, leaving Inatuses 
{unshaded) wherever there is no record It is now evident that dep¬ 
osition has been nearly coiitmuous in both geosynclmal areas but 
much uitemipted elsewhere 


Certain tunc units (namely, 3-4, 11-12, and 17-18) have been 
marked by very widespread submeigence and the deposition of a far- 
leaching marine record, but other units (for example, 7-8 and 14-1,5) 
conespond to general emergences and arc marked by majoi Imiiuses 
Completeness of the recoid varies almost constantly along the line of 
section and yet fiom this geneial view it is evident lliat the- strata 
all natui ally into thiee inajoi units, I, II, and III Ncvcrthclc.ss a 
ocal worker, knowing only a small aiea (such as at A, B, or D) imahi 
not recognize tins natural subdivision Workers at localities B and I) 
for example, would lecognize only two units and would disagree as 
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ir, 

to the pi'Pci.so pn'.itioii (il tlic Im-iik, win mi- a ^\t)ik('r af -'I Mould fond 
to U'('0};,niKP iiioi'P Ili>in lln'cc minor Imvik'' But (•(ndiimlv iuiy iiumlicr 
of btudoiit'' mIio Ii.ul -ui\oyi‘d (lie wiuiU' K'curd if i*- icia(“'(‘iifod m 
thin dia}i,inin Mould iccofiiii/.c (liii-c major piilidivi^ioii.s ;md Mould 
agi’f't; appioMiiialcly upon tlio lorafion ol llioi' liouiidiirK"' 

Still, llu'U' ih liii^is loi a t'oulio\(‘i.-'y an to the exact ponitiou of tlu' 
boundary liciMi’cn uiu(- II and III, lor li tidl- in lime iiiiili 7 id locality 


ABC DC 



li'lil 7 Ilmttonn III illusti.ilc llu' ii.iluo'Ilf till' iiiHjiii suliilivi .inns iif thi sioUigiaiiliii* 
it'i'iiid 

'Pill' uiiiK'i (icmc IS a si'i'lmii iiim s i ii'Kiim nf lontiniMital iliiiiaiisiiiiis, uii'liiiliiii; Iwii 
Ki'iisyiictliics, llii HiMlliiicrilan on ks Iii'Iiik slnmn in lilai k Plii' \ril)ial si ii)i, w nicOh 
cxaKKci all'll 

In (lai liiwiM liMiiiU' till' Inn i/.iiiOal IiiiikIm ii'in cm'IiI 111) ('iiMnl mills nf tnni', anil llic iln- 
Iiosiln lii'loiiKiMK III cai II aic liftcil In llu'ii iiiii|n‘i |i(isiji(iii 'I'liiis, al cu'li liii'ililj aliina 
tlio hue Ilf hi'i linn (c « , I, H, (', eli I all mills nf tiiiic ii'iiicsinili'il li\ lii'imsils a|iiiiiai 
liUu’k, anil till' liiiii's mil u'lio'soiitcil iiii' liliiiik Tims il is loiileiil, llial liicakH m ilnpiisi- 
tiiiu alt' few mill Ilf hliiiit lUiiiitiiiii iii tlu* aensv imliiu's ami tlial lliex ini'inasi'm niiiiilit'i 
ami imiiiii tain(■ iomi\ fiimi tliese liiisms I'lii Uu'Hmiii', it is inissiUle In ii'iiikui/c lliii'c 
inajiii mills (I, II, luul III), I'Vcn tliiiiiKli liipaiul Inillmii liiiiils nf Urn ilepiisils lii'lnimiii(> 
to c'lK'li vaiy m aitc fiiim |ilaui In (ilaic anil liven flioiinli the inujni liieaks ilo mil full iiic- 
c’laulj' at till) .sumc time in the tun (leiihvnelmos 


B, and in unit N tit locality J) The tlisci'e]»auey may lueaii that local 
doM'iiM'ai'puifi kept the scti at D aftei it hail disiipjieau'd elsLiM'here, 
or that local upMaipiiij> al B eauneil it to disaiipear etiily Climlro- 
vei'.sich of exactly this soit have arisen eoncoininfi, the huunthuies he- 
tM’ecn most of the SYstems, and, to some ftcoloftists, have seemed con- 
vmeiiifi evidenee that tlieie is no luituial ha.sis for subdivision oi the 
siiiitigiiiphic leeoiil To otheis, the eonlu.siuK ellect.s of local ivaiiiinh, 
only make (he task difllcult anil indicate lhat levisions may be needeil 
as oiu' knoMdedfj,e meieases 

Biologic Change. ,Since life is constantly evolving, the siieeies and 
genera of animals aiirl plants change from age to age Tlio sueecs.sion 
of faunas and floras prcscivcd as fossils therelore piovide.s ns Muth a 
basis for chronolorjy, although if the iccord xvorc comiiletc, we should 




















16 


HISTORICAL GEOLOGY 


probably have gradual transition and no basis for a natuial subdivision 
of the recoi d 

The progress of evolution has been greatly influenced, howcvoi, by 
physical changes on the Eaith. Uplift and continental omcigcnee 
have ladically altered the geneial environment, changing the course ol 
ocean currents, interfering with atinosphciic ciiculation, and prodiic- 
mg climatic changes Moreover, the restriction of the sliallow seas 
to the continental margins lias always pioduced great ciowtlmg and 
keen competition among marine animals that live in the shelf seas 
Great crustal disturbances thus bring on critical conditions for most 
plants and animals and lead to a peiiod of accclciated evolution and 
many extinctions These changes take place at the time when epoinc 
seas have largely withdrawn from the continents and ilie lecoid i^ 
being lost in the deep sea The subsequent lefuin of niaiinc waiers 
over the lands brings a gieatly changed assemblage of animals and 
plants Hence the gieat physical bieaks cenrespond mlh majoi hieahs 
in the biologic record 

As implied in the foregoing discussion, the geologic colnnm based 
laigely on the iccoid of manne sediments, chiefly because this lecoid 
IS the move neaily compiofce and because muime strata are much more 
widely distributed than nonmarine 


Grouping and Naming op Units 


Natural breaks in the stratigraphic record, some great, others small, 
afford a basis for separating units of rock and corresponding divisions 
of geologic tune 

Eras of Time Greatest of all bleaks were caused by crustal dis- 
tuibances so profound that they aie called revolutions Duiing the 
last few million years, the Earth has passed through such a tune of 
umest It saw the uplift of the great mountain .systems of the woild 
—the Alps, the Himalayas, the Andes, the Sierra Nevada, and othcis— 
and was accompanied by widespiead volcanic activity and by exten¬ 
sive uplift of all the continents Its full cflecL will not he lealizeil 
until the present erosion cycle is completed, and the lands me again 
worn low and tlie uplifted sodimentaiy rocks aie m largo iiart etodc'd 

oirroTr cn i v vs » 


Foul similai but oldei revolutions have been recognized, and Haw 
separate five eias of geologic history, the Archeoeoie, Protcroeou- 
Paleozoic, Mesozoic, and Qenozm: These major tunc units have 
een named to suggest the characteristic stage of the deveioDuient ol 
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hfi! hy winch they cue recognized Thus the Archeozoic is considered 
the eiii of most piiimtue hie (dr mrhaios, first, + zue, life), iind the 
Cleiiozoic, ol iiiodeiii (ypes (dr Aamo.s, lecent, + soc, life) 

No term is m coiniuon use to embnice nil the locks of ;m cui One 
spi'tiks simjilv ol llu' Puh'ozoie rocks, tlie Fnleozoic recoid, etc 

The he^iiimmi, ol Ihe Ikileozoic eui is m some wny ti dnte of leckoii- 
111^ of the fiist iiupoi lance in {>('olof>](! hisloiy Hecoids of lile are 
e\(ieiuely line and ohseiire in all older rocks, hilt arc generally 
ahuiidunt in vounfi,('i ones For this reason tlu' tiiiu' jirecedin^ the 
hesninini^ ol (lie Paleozoic eia has been called Ihe Cn/plotOK' con 
|di liiiiptos, hidden, H- '.ooji, annual lilel, and all later time the 
FlianciOj.oir con (dr p]i/incro.\, visible or niainfest, + .I'oon, animal 
hie) 

Periods of Time and Systems of Rocks Fras aie divided into 
pciioih of tiiiK' hv relalivelv f;ieat episodes (d criislal iiunenient called 
f/(.shofioni c.s, and the roi ks foiined diiiiii}; a laniod conslitiite a 
siistriii A sysieni is (.omiuonly luuiied foi a ie<;ion in nhich it was 
first (' 0111)11 ('lien''i\ely studied or lu wliieli it is jiaiticiilarly well de- 
veloiied, and (he coi ies|iondin); jicriod of iiiiie heais (he same name 
'riiiis (he CtuiibiKiii M/.s/em was named loi ('(nnl»i(i, the Roman name 
lor Wales, (lioiinh it includes locks id all jiarts of (he world that weie 
loimed diiriii); (he ('luiihiinn pcnorl ol time 'The Devonian system, 
likewise, was named lor l)e\onslnre, 10nf>laiid, and nieludes all the 
locks loimed dninifi, (he Devonian jieiiod 

Epochs of Time and Senes of Rocks. Ijcsser and more local 
bleaks subdivide the sysleiii.s into .seiic.s ol rock and the )icriods into 
(olres|)oiidmi; cporJis ol time Some of the systems aic subdivided 
into two, olheis into (hiee, foiii, oi fixe senes These me commonly 
)i,iveii );,eo);ia|dnc names For c\am|ile, (he Ordovician system m 
Ninth America is divided into Canadian, Chuniplniwau, and ('ituin- 
natian senes fifiie last xvas named loi tine e\))osuies about tfinciunati, 
Ohio, hut includes all locks of eiiuivalent afi,c wlieiex'ei they can he 
identified, that is, all rocks foiined dnim>i the Cincinnatian ciiocli 

Tt IS commonly not, leasilile to identity these minor subdivisions in 
widely se|)aialed lefiioiis, so a dislmct set <d' series and eiioclis is recog¬ 
nized in each isolaled coidmienl 

(ieogra|)lnc names are fi,eneially used for the senes and ciinclis but 
111 sysleniH m winch Ihiee senes aie recognized, (tiese aie commonly 
leleired to meiely as Lmoci, Middle, and Uppei, without the use 
ol a fi,eo);rii|)hic iiaine Tlie corresiiondiiifi, oiiochs aic then Eailij, 
Middle, and Laic These woids aie caintalizcd when used in this 
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technical sense for a definite stiaiigiaphic oi tiiuc uml, but lire not 
capitalized when used in a more general or uuletuiiie sense I'hus, 
the Lowei Cambrian rocks were formed during Eatlu (’ninbnan time, 
but cephalopods fiist appealed in late Canibiian time 
Ages of Time and Stages of Rocks. The rocdcs ol a senes may 
commonly be fuitber subdivided into units calleil stages A .sltujv may 
include diveise types of lithology but is characterized hv a disliuelut' 
assemblage of fossils It is thus defined on a iaiiiial rather than a 
diastiopliic basis The conesponding tune unit is an npe 
For examples of the use of stages sec Tables cS to U) of Apiieiidix B, 
pages 549 to 554 

Formations, The fundamental stratigraplnc unit used in mapping 
and description is the joimation It is a liilwloijir uini I lor example, 
luncstone, dolomite, sandstone, siltstonc, or shale, oi an iiitiiuale uUer- 
bedding of different lithologic types) that can be disluiguislied at sight 
from underlying and ovei lying inassc.s of stiala Several iyiiieiil 
foimations are shown in the walls of the Giand C'anyon (Fig 5) 

The foiraation is named for a locality wheie it is fust defined and 


IS typically displayed The St Louie lunestoue, lor exainple, was 
named at St Louis, Missouri, and the Kaibab Inucelone in (he Kailiah 
Plateau of Ariz When the foimation consists ol a single kind ol 
lock, the lithology is indicated m the name, foi examiile, Dnkolu 
sandstone and Bighorn dolomite, hut if it consists of inlerhedded 
types, the lithology can not be thus simply expressed [iiul it is merely 
designated a foimation, for example, Sujini jormaiion (which consists 
of mterbedded sandstone, siltstone, and shale) The iilace name is 
meiely a qu’hfyiug adjective indicating which limestone oi samlstoue 
or formation is meant, and it must not be used alone Tims one 

wntes, “The Redwall limestone foims bold cliffs,” not “The Reihrnll 
forms bold cliffs” 


A foimation may vaiy considerably m age from place to idace 
Illusti ations may be seen m Fig 234 on page 370 Heie it is evident 

«'ialk began m wcstein Alabama wliile 
the Coffee sand was forming faithoi west, but deposit,um of ebalk 
gradually piead wcstwaid Still latei the McNaiiy snurl am! the 
Ripley shale spicad faitl.ci and farthci oasLwaul, resliicdug (l,e mean 
of chalk deposilion As a result, the lop faml Llie base) of csael, o| 
tl ese foiraation.s vanes in ago along the Gulf Coast Thm is iml an 
exceptional ciicumstancc, but a very normal relation Rmcc a fonna- 
tion thus commonly vanes m age horn place to place, it is not feasible 
to lecogmze a coiipsponding time unit 
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Groups of Formations. Two nr raou' fni millions sharing sonii’ 
dihtiiK'iivc litlinliigic pociiliaiily niiiy bo cmlnacoil in a f/ioii/) A good 
example is the (lien ('(union (poiip of imissivo, elilf-loimmg bimdslonos 
in llie Colouulo Plateau Aimilioi is the iYeii'iiiL ipoiip of lodbeds ilial 
omipy the fault tioiiglis ol Tiiassio date in Hie Appalacliian region 
[nasmueli as a group is based upon lilliologie pi'eiiliaiiiies, li is essim- 
tially a loeal uml, and its iippei and lowei liiiiils may vaiv in age tiiiiii 
place (o pliKO Poi these leasoiis the giuup, like tli(‘ foimalioii, has no 
eoiTespoiidiiig lime unit 

TimOi'OUKiieTiMHCiruiT 

It is essential in all historical studies to diseuvei the order in nliich 
events have succeeded one another, loi this permits an analvsis ol 
cause and efloct Moi'eovcr, such a general chronologv serves as a 
fianiework ahoiit winch liislorical data can he oigaiiized The liislorv 
ol Hie Earlli has Ihns been epitomized m a chronologic M'lieme kinmn 
as the (icoldijii' limp (kii ft is piesenled al Hiis place (Fig S) be¬ 
cause a knowledge ol llic sef|uence it lecoids is iiidispeiisidile in Hie 
study of Hie lolkmmg chapleis The lime units must he Hioioiiglilv 
ineinniized lieloie we pioeoed 



CRYPTOZOIC EON PHANEROZOIC 



Fig 8 Geolosio Time Chart, Asoeiiamg lines indicate the lange in lime of muil (if I he cliii't m iniiis of aiiimali 
auQ plants It the line ends ina ciossbai, this denotes the tune of oxUnoLion, if it ourls m o dai t, tho gioup is ^till 

livinff 





























Chapter 2 


TPIE SCALE OF TIME 

Philosophers have speculated upon the ay,c ol the world smee i,uu( 
imnicraoiial, and then bclieti have ianf!;cd lioin that of (he Brahinuis 
of India, who icgardcd the Faith as eternal, to (hat ol Aiehhishop 
Ussher of Ireland, who in 1654 tleduced from liis study of the Seup- 
tures that the Ci cation had taken place on the twcnty-si\th ol Oetobei, 
in the year 4004 n c , at nine o’clock in the moining! Untoi huialely 
this vciy specific date was inserted by some unknown aullunity as ;i 
maigmal rcleience in the King James version of (ho Bilile, and thus 
became implanted in leligioiis ciccd For a eenluiy or moie tlicK'- 
after it was heicsy in the Chiistian woild 1o assume more lliaii (iODO 
years for the formation ol the EaiUi and ;dl its lealuies, iiiiil, as (he 
science of geology grew up under tins mnuence, siipeinatuial expliinii- 
tions were at first invoked to account for many nalmal iihenomena 
The unconsolidated sediments and glacnd diift spiead so widely mer 
Euiope wcie attubuted to the Biblical Flood, deep iivei ralleys weie 
believed to be clefts in the rocks formed by eaithiiuakes, and luouiitain 
langes were supposed to have arisen with tumultuous violence To 
the uprooting of such fantastic beliefs caiiu' the SeoKisli geologist 
Hutton, whose Theory of the Edith, piesented in fisri, marked a luiii- 
ing point in geologic thought on this subject Hutton aigued that the 
present is the key to the past and that, given sullieieiit Iniic, the jnoe- 
esses now at work could have pioduced all the geologic lealuies of the 
globe This philosophy, which came to be known as the doetime of 
umformitanamsm, i,s now umvci.sally aeeejited It demands an im¬ 
mensity of geologic time 

The growth of the jihysieal sciences alter the Bmiaissiuiee piovided 
means loi a really seieiitifie attack on the iiiohlem, and a tiuiuIkm ol 
ways of esliiiiating the age of the Earth are now known Most ol 
them involve uncertain factors that le.ive the results with a iiuahlalive 
lathci than a quantitative value, but all ol them indicale gi(‘al 
antiquity The present belief of geologists (iii which as( ronomers ami 
physicists concui) is that the hcginnmg ol geologic time goc's hack 
more than 2,000,000,000 yeais Tlnce of the most widely used methoiE 
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of estimating the length ol geologic time are briefly sketched in the 
following paiagraphs 

Thb Hourglass of the Ages 

The sediments caniod to the sea by stieains aecumiilato there, like 
the sand tiickling through an hourglass The possibility of using the 
late of accumulation as a ineasuic of geologic tune was foicseeii by 



t:“lQsbdl litutue of ILimobes 11 at Momphih Tlus illustration l>v Bonoiiii m 
184< shows taa btatuo ns it lay face down, having fallen fiom its bnuocl pedestal About 
five veais latei, excavations wore made to discovei the thickness of tho uvei-Uud sedi¬ 
ments about Its base The Pyiamids of Gizoh aio seen in tho distaiifo nt tho loft, and llio 
Nilo ilivei IS neai the hoiizon at the light Two observers, one staiitliiijr and Llio olhoi 
sitting, indicate the size of the status 


the Greek histoiiaii Herodotus, about 450 B c, when he observed the 
annual overflow of the Nile spreading a layci of sediment ovci its 
valley He realized that the delta had giown tliiougli such annual 
iiicieraents of iivei-bome muds, and concluded that its building must 
have required iiuiny thousands of years Confirmation was made in 
1854, when flic foundation of the colossal statue of Ramescs II at 
Memphis (Fig 9) was discovcied beneath 9 feet of nver-laid deposits 
Since the statue is known to be about 3200 ycais old, the late of deposi¬ 
tion at this iilacc lias aveiagccl about 3^ inches pei centiuy Fiutlipr- 
innie, at Memphis, biiint buck was found m a layei sonic 40 feel, 
below the surface, and if the rate of deposition has been umfoim this 
layer must have been deposited aliout 13,500 years ago Tims, moie- 
o\'ei, IS nieiely the surface veneer of the delta 
There are other local deposits for which the rate of deposition can 
^ e deteimined, such as the postglacial vaivod clays m which summci 
and winter layers, like the gi'owth iings m tiees, are seasonal acldi- 
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tions (See, fmtlier, Chap 18 ) Some of the older sedimentary for¬ 
mations appear likewise to bo seasonally layeied, and if so, the time 
involved in Lhcir deposition can he dctoiminod dncotly On tins basis, 
2600 feet of laminated shale in the Gieon River lake deposits ot 
Coloiado and Wyoming is estimateil (o have leciiiiii'd 0,500,000 yeius 
to aceumnlatc ^ 

For most of the scdimenlaiy locks, hoveiei, no iireeise rale of 
deposition can he deteimmed IIo\ve\ei, liy set ting slieain gages at 
the mouths of the maioi riveis we can deteimiiie (lie aiiiomit ol sedi¬ 
ment they now beat annually to the sea, and sneh data loi a lew of 
the laige iiveis peimit a rough estimate of the amount supplied by all 
the sticams ot the woild If wo assume this to be the aw'rage lale 
of erosion foi all geologic time, Ave need only dnnde the v eight of all 
the scdimentaiy locks by the weight of the annual iiieienient to detei- 
mine the length ot tunc since eiosion began on (ho Faith Rut (his 
solution IS iar Loo simple The total mass of si'dinu'iilaiv lock can 
not be detcimincd with any degiee of aieuinev lieeaiise (he tlmkiiess 
of such deposits IS unknown ovei large aieas, and beeaiise ti huge 
but unccitam pait lies beneadi the sea Moicover, iiineli ol llu' sedi¬ 
ment IS at piesent deiivcd fioin sedmieiitaiy loek and is leliiiiimg 
to the sea for a second, a third, oi peiliaps a twenlielli lime Rrolialily 
much of the sodmicntaiv maleiial lias been moded and dejiosiled again 
and again Furtheiinoie, we have no assurance llnd. llie pi ('sent rale 
of erosion is an avciagc one lor geologic time, Iheie is good ii'iison to 
believe that it is fai too high, since the lands w ere i aised I o exeeplional 
height in late geologic time It is eA’idenl., Ihereioie, llial a sludy ol 
the late of foiination ol sedimeiilary rocks can give us no leliahle 
figuio for the total length of geologic time, it merelv iiuheales (hat I he 
Eaith IS veiy ancient 


Sodium in the Sea 

In weatheimg, the sodium oi igneous rock is relcasml lo form higlilv 
soluble salts (notably sodium ehlonde) (hat aie leached fioni (he 
soil and carried to the sea Evcnlunlly (lie Avalm leluiiis as vaiior to 
the clouds, leaving the sodium and elilomie hdiiiid (Some of the 
chloiine combines Avitli other suhslaiiees and is deiiosited, hut the 
sodium icmams iii solution) Since seawatei is not nearly sal.uiated 
AAuth respect to sodium chlniidc, no salt is preciintated (exeepi, in 
landlocked lagoons), and it has steadily accmnuhiled in llie sea 
throughout geologic time 
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If all the salt in the sea has been derived in this way, it should 
serve as a basis for estimating the length of geologic tune according 
to the foimula il/s = m which S is the total mass of sodium m the 
sea, ,s is tlie average increment added m a year by streams, and A is 
the age of the Earth 

The total amount of sodium now held in solution m the sea can be 
dctcrmiiiGd with a piohable error of only a few per cent, smeo flu' 
A'olume of seawater is appioximately known and its salinity is almost 
unifnim The amount of such dissolved salt is staggering, if pre¬ 
cipitated in the foiin of lock salt it would exceed 4,500,000 cubic miles 
The sodium alone would weigh 16,000,000,000,000,000 tons - 
The annual increment added by streams can also bo estimated fioni 
data gathcicd at stieam gages at the months of leprcscniative gu-al 
rivers, where the flow is rccnidcd from day to day and samples me 
analyzed for salinity In this way the salt derived from i'C]ircsentiitive 
large cliainagc areas is measuied, and the total toi all the hinds can 
be estimaled, The sodium thus measured is about 158,000,000 Ions 
per year 

If now we substitute the figuics quoted, oui founula icacls 
16,000,000,000,000,000 

158 000 000 ~ 101,266,000 -f- veais = Age of Emth 

Foi some ycais after this calculation v\'as first applied m 1809, (ho 
round figure of 100,000,000 yeais was commonly accepted as the ])iob- 
ablc age of the Eaith, but a little consideiaiion clcaily indicates that 
diastic revisions must be made on seveial counts 
In the first place, ranch of the salt cuiiently earned to the sea is not 
derived diicctly fiom the weathering of igneous locks Sonic of iL is 
blown as dust fiom desert basins oi as spiay from the oceans, about 
14,000,000 tons is mined and used by man and thus artificially hbci- 
ated into the stiearns, and much of it is leached from sedimentarv 
locks whcic it has been stored in the form of salt beds oi of salt 
watei All of this leprcscnts salt previously taken from the sea and 
now being retmned Such “cyclic” salt makes no permanent addition 
to the salinity of the seas In shoit, the salt now derived anew, by 
the weatheiing of igneous rock, is far less than 158,000,000 Lons a yeai 

Unfortunately we have no adequate data for making the piopcr coi- 
rections 

Adjustments of another sort must also be made We have assumed 
that the present rate of erosion is the average for all geologic time, but 
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this late ccitainly is abnoimally lugli, since we have icecntly passed 
thiough a gjcat peiiod ol mountain making and the continents aie 
now almost coiniilutely cineigent. and huge lucas aie undei'gomg lajiid 
eiosioii On the coiitrai'y, theie wmie long iieiiods in the past when 
the continents were low and partially sninneigcd, so tlud, erosion was 
relatively slight Wc have no ineaiib ol tleteiunnmg (he avci.ige rate 
ol ciosion, but it pioliahly wais only a fraction ol the iirosent one 
The corrections loi cyclic salts, and lor the average lalc iil eiosiou, 
would both leiul to icdiice tlu' aveiage annual ineieiuent ol salt, added 
to the sea, and Lins, in tuin, would incicuso the ostmniled age ol the 
Earth Since so many unceitam lactors au' involved, this method 
at piesent offeis no pioniise of a reliable cpiantdative value 


The liADiOACTivic Cuieic 

An electric clock is motivated by Hie loguhii oscdlalion ol an .illci- 
natmg eloctiic cnrieiit, and so it keeps lailldul lime without winding oi 
caie, bO long as a steady flow ol curieiit is nuimlained Slid more 
remarkable are the radioactive clenieiits bmied m the locks that 
motivate an automatic tinieinocc for the ages 

duel of these aic the elements iimvium and // idmiidi , Uk' atoms ol 
w'lucli are vciy huge and slightly unstable Eiom tune lo time eadi 
atom dischaigcs a jiart ol ils substance as an aloin oi helium gas 
accompanied by radiant ciicigy Tins loss tiansloiins Ihe paieni sub¬ 
stance (foi example, uranium) into u new element The aloin ol (bis 
new .substance, in tuin, looses an alum of beliiim anil inoie eiieigv, and 
changes into a lliiid clement Tins eoiitinues lluongh seveial geneia- 
tions until a stable atom is attained, whieli imives to be haul llaihiim 
w'as the fiist ol the inteimediate siibstanees in tins scikn (o hi' dis- 
covcicd, it was detected because of its luysleiious ladiaiil. enei'gv' 
Tins peculiaiity suggcsled the now familiar wok Is > admin and uidio- 
nctivity 

In the cooling of a magma, the uianuim (or thoiiuml mules wulli 
ceitam otliei elements Lo form one ol scvei.il comiioumls (loi (‘\aiii|)h‘, 
waninite, a comjilex inanium oxide, oi cll.sii'oi Ihilr) winch ci vslalli/.e 
out like othei iiimeials (Eig 10) Ader (he eivstal lias lormed, (be 
uramuin slowly wastes away, and helium and lead aeeunmiale In so 
far as tlic.se two clcmeiitb do not e.seape liom llie cryslal, (hey loiin 
a iccoicl of the amount of uranium (oi thorium) that ha.s lieen trans- 
formed 
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Fortunately the rate of disintegration is very slow and is absolutely 
uniform under all known conditions of tempei ature, pressuic, oi clieiu- 
ical enviionment, and, also fortunately, this rate can be determined 
with very gicat precision by counting the helium atoms emitted within 
a given tune by a measured quantity of uianium (or thoiiuin) They 
may be lecorded automatically by a sensitive elcctncal device nr may 
be counted diiectly by obseivation Foi example, if a small quantity 
of uranium is placed on a scieen of zinc sulphide, each escaping atom 
of helium makes a flash as it strikes the sulphide, and undci a micro¬ 
scope these can be seen like fiieflies on a dark night and can be 
counted Such counts indicate that 1 gram ot uianium yields anniiallv 
1/7,600,000,000 of a giam of lead ^ At this late U grains will produce 
1 X — 7,600,000,000 giams of lead m 1 yeai, and in t ycais they 
will produce tXlXU - 7,600,000,000 Hence the amount of lead 
(Pb) pioduced by a given quantity of uianium (U) in a given num¬ 
ber of years {t) may be expressed thus 


7,600,000,000 

then, multiplying by 7,600,000,000 and dividing by U, we have 

Pb X 7,600,000,000 _ 

U ~ ^ 

or 

Pb 

< = — X 7,600,000,000 

Therefoie, when the lend-uianium latio, Pb/U, has been (letcniimcd 
for a ciystal of a uramum-bcaring mineial, wc can solve tlie equation 
foi t, the length of tune (m yeais) since the ciystal formed Foi 
cx-amiilc, in ciystals of uranmite that occui in pegmatites at Branch- 
ville, Connecticut, the ratio of lead to uranium (phis thorium) is 0 050 
wdience t = 0 050 X 7,600,000,000 = 380,000,000 years ^ In piccisc 
calculations, allowance is made for the gradual decicasc in the quan¬ 
tity of uranium, for the presence of diffeient isotopes of uramum foi 
the presence of thoiium, and for other factois, but the pimcipl'c is 
jUustiated by the example used above 

^ Jn piactice it is necessaiy to find an occurrence ol nonwcathcicd 
uianmm-hoaiing mineials, select a single fiesh ciystal for analysis, 

*E;gatfe^ents'reduce the piobable age to abouL«^000,000 ye,ns i 
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and dcteimine the ratio of lead to the uiaimim prcsonL (hue must 
be taken to rejeet \ieatliercd spcciiueiiH because lead may bo dis¬ 
solved by subsiufaco water and cithci earned away or pieeipitaled 
in the opcnin^is in the locks tliiniigh vvlneli it passes It pai t of the 



\<hil}th h nttitf 


Fig 10 pU‘(e of luatiium ok» fiom Trvl)lii, Onl mo 'ri»(‘ ht^hl-coIoM <! (ivsials ivk* 
fuklspm and tiuui tz, and the dai k (r) is cllsuoithUi, a iiiiiuM ‘il r onl lining 15 Io IS jxm ((‘til 
of uianiuiii 

accumulated lead lias been K'lnmed by solulmii, (he liaid-manium 
latio and the calculated age will be Lou small, but if cvtia lead has 
been added from othei souiees, Lbe ralm will be too gieat and the in¬ 
terred age excessive Foituiiatclv, the alomic weight ol the lead de- 
iived fiom luanium is slightly dilfeient lioiii Unit of oicbnaiy lead, 
and so by vciy critical checking it is jiossililc to deteel, eontamination 
With vciy lare exceptions, ciystals of inanimn and thorium mincials 
have foimcd only m igneous locks, and pure ciystals large ('imugli foi 
satisfactoiy study occiii chiefly in pegmatite dikes and otliei coaisely 
ciystallme plutonic locks Thcicfore, radioaetnily iieinnts us lo 
date cci tain igneous locks piccisely in years, hut the age of sedimeiilary 
foimations must gcncially he inferred from then associations with 
dated igneous locks Figmc 11 illuslialcs (he piolilem Assiimmg 
that iiramum-bcanng mineials have been found m (Jie dike at A' and 
that the Icad-iiranimn ratio indicales an age ol ()(),()0(),0()0 vears, we 
know that this is the length of time since the igneous intnismii Hut 
the question remains. What geologic period docs tins represent^ The 
dike IS clearly yoiingci than formation K which it intrudes, but is 
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Tio 11 Bloolc diagiam to illugtiate the ptoblem of deleiininmg tlio i/enlnaic fliUe of 
formation of a radioactive iniiicial 


older than foimation T which unconlorniably oveilaps it If foiuut- 
tiQiis K and T bear fossils by which they can be located in the geologic 
time scale, we have an absolute geologic date soincwheie within this 
time inteival If this inteival is gicat—foi cxainplo, Mid-Cictacuoiis 
to Mid-Cenozoie—the igneous lock can not be more closely dated, 
but if the interval is small, as between Late Cietaccous and Palcocene, 
wc have a fixed point in time near the end ol the Cretaceous period 
In some cases, however, the pegmatite dikes occui in schistose rocks 
that can not be directly dated For example, the pegmatite at Brancb- 
ville, Connecticut, has yielded uraninite ciystals with a Icad-uraiiiuui 
ratio indicating an age of 350,000,000 ycais, but it is in a belt of 
defoimed schists fai from any fossihfcious locks that could (letcrminc 
the geologic peiiod of its mtiusion 
The oldest lock thus far determined is in the Pic-Canibiuin com¬ 
plex on Winnipeg River in Manitoba Its lead-iiiamum uitio indi¬ 
cates an age of 2,300,000,000 ycais Pegmatite dikes lu the coie ol 
the Black Hills at Keystone, South Dakota, lecoicl an age of 1,420,- 
000,000 years Thus far, only a few of the uranium minerals suitalilc 
for analysis are closely dated geologically, but future woik will un¬ 
doubtedly increase the number greatly The following may be citod 
as the best-established dates in the geologic time scale 


Geologic Age 
Eaily CcnozoiL 
Early Peimian 
Late Cainbiiaa 
Late Pic-Cambnan 
Mid Pie-Cambnan 
Eaily Pie-Cambuan 
Eaily Pie-Cambiian 


Age in Yeaus 
60,000,000 
230,000,000 
400,000,000 
620,000,000 
1,420,000,000 
1,800,000,000 
2,300,000,000 


Locality 

Gilpm County, Coloiado 
Oslo, Noiway 
Glillhogon, Sv\ edou 
Katanga, Belgian Congo 
Keystone!, South Dakota 
Caicha, Russia 
Winnipeg Rivei, Miiniloba 


Fiom these data it appears probable that the beginning of the 
Cenozoic eia was about 70,000,000 years ago, of the Mesozoic about 
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200,000,000 years, and of the Paleozoic about 500,000,000 years; and 
it is deal that the Earth is inoic than 2,000,000,000 ycais old This 
brings out the stnking fact that ncaily Lhrcc-quaiters of geologic 
time had transpiiod bcfoio the Ciiinbiuin peiiod, which left us the 
first adequate iccord of life (Fig 12). 



Fia 12 Gcjologic tiino lopiaHenlerl u-i ii siiinil Kriii)li Nuiiilxii miluiiti' iiiillidn'i uf 
years Modified slightly fioin Divid White Seale foi the C'eiio^oii iiiiitH iiioililieil 
slightly fioin data by G G Siiiipsoii 


“To grasp what these figuies mean,” IMahoiiy has wiitteu, “we 
may imagine ourselves walking down the avenue ol lime into (he past 
and covoiing a thousand yeais at each paeo The fust sl(‘]) Lakes us 
back to William the Conqueior, the seeoiul l.o (Jie liegmumg of (he 
Chnstian eia, the thud to Tleleii ol Troy, the louilli lo Abialiam, ami 
the seventh Lo the earliest tiaditioiial lustoiy of Ihiliylon and lOgypI, 
130 paces Lakes us lo Ifeidelheig man, and about /| mile lo (lie 
oldest undoubted stone implements of Fmroiic And should we decide 
to continue our joiuncy until we meet the most ancient fossil organ¬ 
isms, the journey would exceed 250 miles ” ''' 
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FOSSILS, A LIVING RECORD OF THE DEAD 


“Ran' afti'i laco lOsiKnod then Ilectinp; hiealh— 

The loeks alone then cniiou'i iiinuls save” 

—T A CoNHAI) 

Frozen Carcasses m the Tundra. In August, 1900, a Russuin 
hunter, following a wounded deer along the Bcicsovka River in eahleru 
Sibeiia, came upon the caieass of an elephant, paitially exposed by 
lecent caving of the incr bank With mingled euiiosity and leai he 
knocked olf a tusk, whieh he later sold to a Cossack The lattei, 
hearing Ins stoiy, relayed the news to Rt Petcislnng that aiioihei 
fiozen mammoth had been founrl An expedition liom the Impcnal 
Academy of Sciences was dispalehcd as soon as iiossihle and, aflei a 
journey of some 3000 miles, reached the locality in Ri’ptemhei, 1001, 
alter the animal’s back had been exposed to the sun ol two smimiers, 
and wild dogs had gnawed most ol tlu' llesh fiuiu d Mxi avalion soon 
piovod, howevei, that the flesh ol the huiied limbs and much ol the 
body was still fiozen and “icd ” 

The occurrence of this Ix'ast SO miles within llic Aiclic Ciicle ami 
more than 2000 miles noith of the pieseiiL range ol clciihaiils is no 
more icmaikablc lhan the featiiies of the aiiiiiial itsell Unlike any 
living elephant, it bore a Innuy coat id yellowish-lii own wool nilcr- 
spoiscd with long black ban Its head was very slioiL and high- 
crowned, and its piofilc quite unlike that of any modem eh'jihanl It 
was, in short, a spccmicri of the extinct woolly iiiaiiiniotli, a species that 
ranged widely over the snowfiolds of Evnope and Noi ih Aineuca duiiiig 
the last of the Pleistocene ice ages Uiumstnkahle |)icliires of llicse 
beasts were left by the ancient cave (hvelleis on (he wmlls of some of Lhe 
caverns m France (sec Fig 13), hut the spoeies has been exliiud so 
long that Llieie aic no allusions to it ciUkt in hislorie reeoids oi in 
the legends of any living peoples 

Broken bones, clotted blood iii the chest, and imsw’allowed lohage 
m the mouth of the Bcicsovka niammoth eleaily indicated a sudden, 
accidental death It apparently fell fiom the hhiff above and w'as soon 
frozen, to remain m cold stoiage for peihaps 20,000 years Baits of 
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the flesh, clotted blood, and haii aie now preserved m the United States 
National Museum, and the skeleton, with most of the hide and entrails, 
lb on exhibition in the Zoological Museum of the Umveisity of Lenm- 

Images m Stone. Less spectaculai but no loss real aie the bones 
and shells of animals entombed in solid lock in many pints of the 
woild. Whctlici the skeleton of a dinosaui or a ineic biokcn shell, 
these aic icmains of creatures that lived and died and wcie buucd in 



Fro 13 The W00II7 mammoth Left, the Boresovka spooimon, a fiozeii I'lu pass .iflui 
paitial excavation, lowci riffht, a modem 1 ost-oratioii of the spei les, by Oliailes H Km^ht, 
baaed on this and other specimens, uppoi iiglit, a diiiwing by Paloolilluc man on tlie 
wall of a cave at Combaielles, Fiance 

sediments that later solidified into stone The ancients obscivcd such 
“images in stone” and speculated upon their meaning The Romans 
called them fossils, because they were objects dug up (Lat fossiim, 
fiom fodeie, to dig), and we have boriinved that name The study ot 
fossils IS the science of paleontology (Gr palaios, ancient, -f- onta, 
eusting things, + logos, a discourse or science) 

Nature of Fossils. The tcim fossil was at fiist loosely applied to 
any curious object found in the jocks, whether organic reinmns 01 
inmeial, but it giadually came to be restiicted to the foimei As now 
defined, it includes any recognizable organic stiuchire, or impicssion 
of the same, pieserved fwin piehistoric time Ordiniuy coal and 
petioleum aie not icgaided as fossil, in spite of their organic origin, 
because they show no iecognizahle 01 game sUuctmes Some coals, 
however, include fiagments of fossil plants with their actual ccllulai 
structure prcseived 
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The icmains of an animal oi phini iccciillv dead are not eoiihidercd 
fobsil, even though natmally Imiiod and ]ncserved—^a eoiibideralile 
antiquity ih iinjdied by the leiin, bid since the piesent grades in¬ 
sensibly into the ])ast we must eitlier assign an ailntiary lioundaiy 
01 leave a bioad indefinite zone back of whieli organie leniains are coii- 
sideied loKsiIs and after which lliev are not One gi'ologieal wag has 
proposed that “il Ihey stink the K'uiains belong to zoology, bid, if not, 
to paleontology” Kxtaiielion is not a eiderion liv which to pidge 
W’liether an obieet is a fossil ddie inajordy of fossiN dii repiesinif. 
extinct species, but theie aie inanj' kinds id animals and jilaids that 
have been in existence since |)iehisioile tune, and ancient remains of 
these are fossils On the eoidiaiy, some, like the dodo and the pa''- 
sengci pigeon, have been cxieiniiiiafi'd within the Iasi few ceidunes, 
and their lenianis, if of histone times, are aid consnleied fo.ssils 

db in s oi' I'ossinr/. \'noN 

Actual Preservation. The pi(>‘'ei\alion id llc"-h and othei soil 
tissues IS a veiy laie iiheiiiniienon, possible only wbeie liactenal iiclion 
and decay have been almost miraciilon''lv inlnlnted Oil seeps ha\e, 
in a few nifetaiices, supplied sidhcieidly antisepfie conditions foi (lie 
picfiervetion of tli'sli since Pleistocene time, and the fiozen soil of the 
Arctic has yielded both the woolly mainmolh and a long-haired ihi- 
nocGi'os, but no aimnals older than (he latest Pleistocene n e age 
have been ineserved entuc 

The Bcu'sovka maininoth (Fig Id) was one ol the most eomiilete 
frozen fossils evei lound, hut the skeleton ol aiiolhei’ e(|ually I’einaik- 
ablc carcass was lirouglit b.ick to St Peleislnng Irom the Lena Ri\ er 
delta in 1799, and Lheie are leeoided lilly-one Sibeiniii oeeiineiKes 
w'licre parts of the flesh and skin bare been jireserved A lew sunilar 
but fiagincntaiy finds have Iieen iiiaiU' in Alaska 
In the inuseuni at Ta’inberg, Poland, (Ikmi' stand side by side llie 
skeleton and (he iiionnteil skin ol a woollv ihinoeeros, an extinet, 
species adaiited, like its eontempoiary, the woolly mammotli, lo hie 
in the Pleistocene snowtields ’'fins --peeimen, hke several olheis, wiili 
parts ol Ihe sl^,nl and (lesh slill adheiing (o (he hones, was loiind in an 
oil seep 111 ilaheia Anolhei retnarkahly eoiuplele spenamen was ex¬ 
cavated in tlu' distiiel (d Siminia, Poland, m P)l!() 

Although soft tissues iiiiely oecui lossil, (he haul jiails, such as 
bone, shells, or woody tissue, ha\o commonly been ]iiesei\ed since 
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Fig 14 A sblttm in the lock This complete skeleton of an extinct giimiid-sloth 
(Sahdothttmn hiavaidi) was dtscoueied in else bank of a small mroyo in the 
Pampas foimatm m Aiyinma by the Maishall FuU Paleontological Expedi¬ 
tion of 1927, and is now shown in the Chicago Museam exactly as it lay in the 
rock Length, about S feet 


early Cennzoic time witli little change The logs cmborldcd in Eocene 
lignites of Geimany have suffered slight decay and discoloration, but 
the giain and texture of the wood aie still piescivod with little chciii- 
ical alteiation Cenozoio shells embedded in marl or clay likewise 
show little change Some of the Uppei Cretaeeous shells, in spite of 
their 70 million years or moie of antiquity, show scaicoly any alteia- 
tion, letaming faithfully the delicate details of siiitace seul[)tuie, 
and larcly even the coloi pattern 

Petrifaction. In the older rocks, the hmd paits alone aiu usually 
prcscivcd, and these commonly appeal to be tuuicil to stone, as indeed 
they aie Such fossils aie said to be -petufied (Lat pdm, stone, + 
faceie, to make) The change fiom the oiigmal condition is accom¬ 
plished in one of the following ways 

1 By pel mineralization If the original stiuctuie is poious, as a 
bone 01 many kinds of shells, mincial mattei may be added fiom the 
undeigiound watei to fill up all the voids without alleiing the orig¬ 
inal substances This makes the object heavier, inui'e coiiipiict, and 
more stonclike, at the same time protecting it tium the pimetralion 
of air 01 solutions that would dissolve and deslioy it Such lushils 
aie said to be peiminmalized Petnfied bones aic usually of this 
category (Figs 14,15). 
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( Vj> I () DuuliiH 

Fia 15 Rkolot il rc'uuuiw of'I fish pi(»s(*i\od in Hio sl{il)l)\ lum'sloiiD ()f tlio Clicini Kimm 
foimation (I^ocoiio) m Tim fossil is pminiiu i.ili/.od Abcnil } > imiui il siy,o 



Fro 10 T?otnfip(l wood fioin llio fossil foiosls of llm YcilowsLotn' Niilioiml Puik Al. 
tho loft, a pioco of tho silnifiod w«mmI iibcmt miiuiiil si/o, Hlio>\infj: tlu* p'lOwtK line's, 

and inGdulliiiv lays, at tho UKlii, ii tliiu hocIiou (ut liotu tho mid of tins pioto, (‘ulntf'isl 
about 10 times to show tho colls of tho wood iii pints ol d giowLh iiiiyis PhotOKKiphs not 
letouLliod 
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2. By replacement. The ouginal sub&Lanee may, however, be dis¬ 
solved and replaced by mineral matter of a different sort Wootl is 
commonly prescived in this way, the woody tissue being replaced by 
sihca As a rule, the change is so giadual and so dobcatc that the 

cell walls and all the inioioacopic 
structures of the wood arc pic- 
served, even after the organic iiiiiL- 
tcr IS gone, and the log is litciiilly 
turned to stone (Fig 16) The 
fossil forests of the Yellowstone 
piovide a striking and faiinliar 
ilhistiation Such icplaccmcnls by 
either silica oi calcium carbonate 
are known as fai back as the 
Devonian period 

On the othoi hand, the substitu¬ 
tion may result in the loss of all 
internal structure while iiicserving 
the gloss foim of the orgame oli- 
jerfc, as, for example, a coral or 
bIicII replaced by quartz, calcium carbonate, dolomite, etc Such a 
fobsil IS a false rejihca oi -psendoinoiph 
3 By dtstillatwn The volatile elements of organic material may 
be distilled auay, leaving a residue of carbon to lecord the form of the 
object Leaves aic generally preserved m this way, and the bcauliful 
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Fig 17 Carbonued foiii leases in a 
deep well coie Half natuial &izo Not 
rctouclied 


AMERICAN MUSEUM OP NATURAI. HlSlORY 

Ftg IS A fossil ichthjasa/if, a maime nptik fiom the Lomi Jiiiassu shake of 
Hokmaden, Gumany The shkton is pimmiahzfi, the flesh redmsd to a film 
of caibon This species ranp^es ft cm 8 to 10 feet m lenffh 
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“ciU'bon copies” of fein leiivcs luifl otlici foliiif^e lu Uie ‘'liiiles above 
many eoal.s f>n'o a vivid ]iieLiire ot llic luieient 'i ef’etalion (Fig 17) 
Moio rarely Ihe prcseiiee of aiiimiil tissues is recorded iii Ibis nuinnei iii 
black shales A striking exainiile i-, allorded liy Ihe exiinei iiianiie 
reptiles known as lelitbyosauis, wliose skeletons loiind in Lowei .Iiiias- 
sic black shales of Cieiiiiaiiv aie in some iiislaiiees suuounded by a 
film of caiboii preserving ibe oulliiie of (he Ileshy body wilh i(s (ins 
and tad flukes (s(‘e Fig FS) lOveii jellylish and sofl-bodied woiiiis 
arc thus picserved in iVlid-flaiiibrian loeks almost noo million yems 
old (PI 3, and p 147) 

Molds, Casts, and Imprints Hbells oi oilier orgaiue sirueluies 
embedded in lock may latei be dissolved by iieuolatmg giouiid \salei, 
leaving an open space that luesenes Ihe foim cd the ohjeci This 
hole IS a natinal mold By luessing into it some jilastie sidisl.uiee like 
dental wax, vc may obtain an arldieial ems/ oi replica ol Ihe migiiial 
(Fig 19) Peieolating subsuilace uatei has m many uislames filled 
such holes with some othei uuueial suh^lauce, u-uallv i|uailz, llms 
[iiodiicing natural cnslH The molds ol thin obieels like leiues me 
coiiinioiily stKikeii ol as im/am/.s (Figs 17, 201 The palli'i'ii ol the 
scales 111 the skin of some dinosanrs is well shown by impiessmiis in 
the matiix, allliough no oilier trace of tlie skin is pie>ei\ed (Fig 21,"), 
p 385) The teimiiiology apiilied to fossils (Inis billows tliat ol lonndiy 
piacticc, the ccml, being the replica of tiie oiiginal ami ils eoniilerpait 
being the mold Hollow objects may have, besides the external mold, 
an internal mold oi coie 

The most reinaikable of all nalinal molds are (hose of I,be mseels 
preserved in amber (Fig 21) This snbslanee is merely tlu‘ haideneil 
resin of ancient conilcis Mdiilc (lie lesm was fresh and soil, nisecls 
and spiders fieqnenily bocaine entangled and embeilded in it lleie 
they w^cie pieseived until the resin had Inudeiied fn (he indlmns ol 
ycais that have since elapsed, the delicate organic tissue has dried al¬ 
most to nothing, but the claik, hlebke molds in Ihe tiansiiareid amliei 
look like the real insects and letam even the microscojiie linirs oi 
wing scales With a inicio&eope it is thus possilile (,o count Ihe fila¬ 
ments on the antcnnic of gnalliko species tlnil, lived and died more 
than 25 millions of yeais ago' llowmver, il (he amber he iiealcsl ivilh 
a solvent tiic lossils usnally dis,i|)peai, iieiiig only Imllow molds, In 
i.aic inslaiiccs, on ihe eoiiLiaiv, innsele (dues and even the diied vis¬ 
cera remain Most of the amber of commeiee wealbei.s out ol hgmle- 
boaring Oligoccnc beds along the Baltic coast of (leiiuanv 

Footprints and Trails. (See Fig 22) The tiacks leJt liy a living 
animal aie considered fossils, and they supplement the oilier lemaiiis 
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Fig 20 A flyrng reptilo {Rhamphnrhijnchus phyllurus), with the delicate wing mom- 
biano pieserved as an impiiiit in a fino-grained hraeatone Uppei Juuissic, Eiclistadt, 
Bavana About natuial size 















FOSSILS. A LIVINC RKGOUD OF THE DEAD 


:«) 

in mo&t interesting ways Koi (‘Miiiiple, (he hipediil flinosiuirs woio 
shaped inucli like kaniiiiroos, willi powerlid hind le^s anil diiiiiinitive 
fore liinhs, yet i\e know as ('(Tliiiiily as il they wiae s(ill living, tliat 
they mil like an oslrich instead of le.ii)in!> like a kaiifiaioo, for then 
tiacks invaiialdv alternate and aie ne\er paned Fioiii (he (,lacks we 
can tell whether an animal was bipedal or (luadrnpedal, whether its 
locoiiiotion was hy runniiif>, lea](niK, or spiauliim, and wlielhei i(. was 
agile or ponderous 'Tracks alone give ns some ot (he earliesl, leiords 
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Fkj 21 Iiisot Is pu'.s(*iV(«l in iuuIhm Iof(, 2 tiii\ spiMsmons iMilninod ahniit r> Iiiik**^, 
light, tlio Hiinilloi (uppiM) Hpoumon onliuncd immiiIv r)<) iliiiiui'Uns, sliiisving tin' irncio- 
Htopic hlaincjuts on its jintoiuuo Kioin tlio Olinotono di'posiis of tlu* Ihiltn <oiisL of 
Goi many 

of land veitelnates, and in seveial lonnat.ions (raiks alone leeoi'd the 
presence of animals where no skeletal lemains have been pieseiwi'd 
Coprohtes Fossil exeiement (onstitntes anolliei class ol lossds, 
knoivn as cop?olitc,s These oK.en contain (he scales ol (ishi's and other 
haid parts of animals that weie devouied W'heit'vei assoiiated with 
skeletal icmains in sneli a way that their sonice can he lei ogni/ed, 
cnprolites aie of speiial significance loi (he light (hey (hiow on the 
food and leeding habits of (he aiiinial m ipieslion Foi example, the 
(hied dung loiind with tossil ground-sloths at. (wo localities, one in 
South Ameiiea and (he othei near Id T aso, Texas, gives (he only proof 
wo have ol the type of ■v'egetation ])ie(erie(l by (lial. laee ol exiniet 
monsteis 

Conditions Favoiiini. Pui'Iskuvatiom 

The biilfalo carcasses strewn ovci llic plains in uneonnied millions 
two geneiations ago have left haidly a picscnt tiaeo The flesh wa^- 
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devoured by wolves or vultuies within hours oi clays after death, and 
even the skeletons have now laigely disappeaied, the bones dissolving 
and ciuinbliiig into dust under the attack of the weather this sug¬ 
gests that special conditions are icquiied for the preservation of oi- 

ganisniB as fossils Two such 
conditions arc pai amount 
The Possession of Hard 
Parts Although leaves are 
commonly preserved as iiii- 
piints or caibonizcd fihns, ani¬ 
mal flesh decays so lapidlv 
that any form of picseivation 
is rarely possible It is not 
surpiising, therefore, that many 
gioiips of animals, like the 
jellyfish and woinis, have left 
almost no geologic lecoid 
The laic instances where soft- 
tissued animals aic picservcd, 
as in the Mid-Cambrian black 
shale of Mount Wapta (p 
146), serve only to sliow what 
a wealth of animal life existed 
which ordinarily peiished with¬ 
out leaving a trace in the 
locks It IS evident that ani¬ 
mals Muth hard parts, cither 
external or internal, have an 
overwhelming advantage in the 
chance for picsorvation 
Immediate Burial A car- 
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Fio 22 Tiaoka of a tluee-toed dino'mur 
m a bed of Lowei Cietaceoua limostoue near 
Glen Rose, Texas 


cass left exposed after death is almost sure to be torn apait oi de- 
voiiiecl by scavengers If it survives these laiger enemies, bacteiia 
iiisnie the lapid decay of all but the teeth, bones, and shells Even 
these liaid parts are soluble and tend to crumble and fall mto dust 
under the attack of the weather If buried by moist scdiincut, how¬ 
ever, wcathcimg is pi evented, oxygen is cxchulcd, and bacterial aclum 
IS gieatly reduced For these icasons quick buiial is perhaps the mosl 
nnpoitant condition favoimg fossihzation Natuial burial is aoemn- 
plislied in vaiious ways 
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Caves piovidc' iii'otcction af>iunht the vicutlu'i not, only foi tlu> hviiii;, 
but alho ior tlic doul, and they luivc oomnioidy served tis Llie hiirh 
of wdd beasth winch draf’^eil m the l•au•^lh^^c^s o| thcii' iji'oy and kdi 
the boncb scattc'u'd nvei the eaveui fiooi In other inslanees, tlu'y 
wcie conneeled with hiiiks in hniestone m which niiwaiy animals were 
tiapped In any eahe, the hones weie pioleded Iroin weathering; and 
coniinonly w'ere eoveied hy clay or liy caleaie'oiis deposits sindi ns 
the bt-alaf’inileH that lorin mi eavein lloor.s Man was a coininon in¬ 
habitant ol sncli eaves diiun» Die I’leisloi cue lee aaes, ,iiid by lai the 
most important diseoveiies ot early Ininian lo-'Sils lia\e lieen made in 
these abodes One of these is shown in I'ki; dir),]) TiOi 

Ill many eaveriis exjiloieis have come iiiain aniaznn; (oiu cutialiens 
ol fossil skeletons The eave shown in Fi]; ‘i,j, Im exanijile, has 
yielded Ih sjiecies and 41 {;enera ol veitidnate annnals, iiielndinK 
wolves, heais, inastodoiis, tapirs, wild hoises, deci, and an aiileloiie 
Land aiiinials may be buiied by niiniuj in aspliiill deposits, boys, 
01 quicksand, any one ot wdiieh iiiovides a inolectni]; eo\ ei 
Ill the suniiner of ItJdO, while loin hoys weie pliiMiip, iieai an old gas 
plant at Alonnt Pleasant, IMndiigaii, they iiotieed a glossy aicai ol lai 
that bail been disehaiged as wnisle in the m.iimlaeliiie ol coke and 
gas One of them venUiied out niion it hut, when iiartly iieioss, began 
to stndc and found himseli slowly sinking 'Pw'o i ompanions rushed 
to Ins aid, and they, loo, wmie tiapped like Hies on stnd^y jiaiKT 'I'lie 
foiutli lad lan lor help, whidi ainved iioiu' too soon, loi the hist boy, 
when rescued, was already submerged up to Ins neede and Hie ollieis 
w'Ore waist-dec]) vSubmergeiiee to this deptli had leipmed soniewdiat 
less than half an hour ^ 

This incident vividly illusfiales (he origin of sindi lascmating fossil 
deposits as that of Kaiicho La Biea neai lais Aiigides lleie (lieii' 
aie extensive dciiosits of asphalt, formed about nalniul oil scejis 
Thioughont the ages the volatile paits of the esca])nig oil have evu])- 
oiated, leaving behind the sticky lesiduc of asiilialtum, wdiicli formed 
a death trap for the prehistoric annnals of soutliein fkilifornia Ani¬ 
mals coming to the seeps for watei, or attemiiting to eioss soil-covered 
patches of asphalt, wcic trajiped like the Michigan lads Tlien death 
cries attracted cainivoics and seavengeis vvlindi in l.iirii hei'iime en¬ 
gulfed Then bones still he beantifiilly pieseived—although all m a 
jumble—in the asphalt deposits, from wdiiidi they have been recoveied 
by the hundreds of thousands (Fig 24) 

The bones are maivclously preserved in such deposits because bac- 
teiia can not live in asphaltum and decay is inhibited by it No flesh 



42 HISTORICAL GEOLOGY 

has been found at Rancho La Brea, but other oil seeps in Poland have 
yielded the caicasses of the woolly rhinoceros previously mentioned 
In New England and other enstein states another kind of death 
trap IS recorded in the bogs now laigcly filled with peat and muck 



Fig 23 Liiiiestone oavoin mtcisected by a lailioad cut iiciu Ciuiibeil.i,iKl, Maiylancl 
Tiacc"! of an anoiont opening could be seen at the top of the ehff The 'll) spot los of voi to- 
biate fossils lecoveied fiom this cavern are of Pleistocene ago. 

These came into existence as open lakes during the closing stages of 
the last Ice Age some 20,000 yeais ago, and in the ensuing iiiillenma 
weie gradually filled with moss and othei swamp vegetation In 
many instances the vegetation formed a floating mat over oiieii watei 
This proved to be ticaclieioiis for some of the heavy ammiils of the 
time, notably the mastodon, teeth or skeletons of which have lieeii 
found in many of the bogs In New Yoik State alone no lewei than 
217 such elephants have been discovered 
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One Ilf the most, stiikini!, of all the ho^ (le|uisiLs is that of Big Bono 
Lick, Kentucky, about 21) miles southwe.sl, oi Cineinnati, froiii which 
iiiiii'c than 100 inastoihms have been leemeied, along with skeletons of 
the bison, leiiiileer, moose, iiiid uild hoise This loeably was known 
to Thomas Jelfei'soii, who, dining his inesidenev, leseiveil oiii' loom 
in the While House as a mnseniu hn his iossils liom Big Buiie Liek 

24 An tiup Ahove^ ustouitum {)} </ uene iit tht Kdmho La Btea 

asphalt pit cluunji^ PUntOLene tunt^ math by Chailei l{ Ktu;i^hf fof ths Aimican 
Mh\cuw oj Natuial llnwy Left foiey^iouiul, a uiiw-wnkd Smilodon, 
sm\l\ at a gfoup of giant giouml-flotbs while vultuns nait oveihead, and in ths 
distance a hetd of tinpeiial ckphants is tn view Bilow^ left, a jack uihhit k~ 
cently flapped w the asphalt, itf^htt a f/uist of jo\stl hones m the asphalt deposits 
Uppei pittiiH fioM the Anmtcan Museuw of Natmal Ilistoty, lowei ones jtoni 
the Los Angeles Mustutn 
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The "quicksand” m the channels of aggrading sirciiiiis lias also 
claimed many 'victims, which appear in the fossil rieposits ot iinrient 
channel sands In 1942 a locahty was discovered iii the PleisLiccim 
beds of San Pcdio Valley, California, whcic mastodons liiid uiiiod 
in the inai&h about a salt lake, tlieir limb boiiai still reiiiam iipiiglil, 
in the deposit ^ 

Falk of volcanic ash (Fig 25) commonly kill and Imry, as llie Inigic 
fate of Pompeii lemmds us Many fine fossil deposils in tlie < k'noniiU' 
rocks of wastern United States are m volcanic ash, like lliose iil llu‘ 
John Day Basin m Oregon and Lake Floiissant iii Colorado Flows ot 
lava sometimes overwhelm timbei, cliariing the tiec tiuiiks and tlioii 
solidifying befoie actually burning the wood, tuff and volciiiiic hu'ccui 
also oveiwhelm and cover tiees In tins way the magmlu't'id loss]] 
forests of the Yellowstone wcic biined Figiiic 26 shows a lemaik- 
able mstaiice wheie fein leaves left an imprint on a tliin ilow ol hua 
In tins unusual case the leaves were proliably gicen and wet and tlic 
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hg 25 Volcanic ash ajtii the mtpm of the Alaskan volcano, Katim, in 1912 
The tohte line indicates the piojile of the mountain hefoie the eiiipmi hi the 
foisgiBund IS ttmhet, killed and Irngely bioted hy the ash fall It is tstiiiuited 
that 5 cubic miles of ash and pumice were ejected dm mg this eiiipttoii, ami ash that 
fill as much as 200 miles to the southeast of the volcano made a layei an inch thick 




\ 1 1 \ (\t. HI ('iilMi 111 ''IHK |) 1 ,;aI) ir, 

lliiw \\.i' \ri\ (lull, H ilial lhi‘ l.nii lianliuii d lirluir llic li'avo's wou' 
Inn Ill'll 

111 i!("-i'i I- ami all'll'.' llu' 'i mlinii', ii nnl-hliiii ii snnils iimv (iM'i'wlii'Ini 
llii' li\iiiL\ III liiiiv (lie ili'mi I)iv ^aiiil'- air not a i^imil iiu'ihiini lor 
In-^ih/Mlinii 'ini'r IIW'JIII IMII III'III li.ili' In riral ilcplhs aiiil soliiUon 
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1 III Ji> [('Ml |ii< III la\H Diinnix uti ciuiilioii of KiliUio.i, islaiid of 

Uiuv III, in isiiS, (ho o icim \\*Mt 1»\ u tliiii How of l'i\u Tlu‘^ wiMO iuolml>l\ 

frit I'll and cl at tho tiiiii aiidtliii4< < tpiMl doiliui'lioii until tlio hiMi Inid sohdifind 

iiflor I'liinlulls I- \ ( ly m I nr llrmr fossiK arr iiiir in ilrsri'l deposits 
Ni'M'i llirlrss llir nrsls ot (|iiiii‘'aiir rniis liiiiml in Moiif'iihn (Fig 247 ) 
well! iippainilIv pir-rivnl in (Ills \\;iv liy iliiKing Minds 

Wall r-liiii III M iliiiii ll/s iiir Ml iiiiirli iiioir widrly dislnlmlrd tliiin nil 
iillirr agrnis nl Imi'ial llial (lirv iiicliidr llir grral. iiia)ini(,y of all foHsils 
li'loiidril sirraiiis dniwii niid llU^^ llirii Mcliiiis in (hr sliilling chaniirl 
sands III 111 (lir miiiF id (lie \nllry Ilnur (Fig 27 ). Wliclhor llu'sr 
nlijrcls air dull, logs nr lia\rs nr iinimiil linilirs, Llu' irsnlL is Lhc 
sanir, (hry arr liuiird in Inw ]ilacrh wlirir the grnniid i.s geiirially 
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moist, if not permanently watei-covured, and ivlieic rapidly iieciiinii- 
latmg sediments give them ever deeper and more perinanciit Iniiial 

The slialldw sea floor is the ultimate lepo&itniy nl most iil Ihe sedi¬ 
ments, and it is almost cvei^M'here covered with sueli lnose iindeiiiil m 
or upon which the teeming bottom lite dwells It is (he ineMliihle late 
of many shells on the sea flooi to become quickly iiiid even suddeiilv 
cnreiecl with mud oi sand during stonns For lliis u'lison, llic ,sea 
bottom 16 the greatest i e(fion joi the pieseivaiiiw of jimits, and iiiariiu' 
toiIllations me larely iinfossiliferous 

It IS haidly neoessaiy to state that fossils iievei ncciii in pliilunie 
rucks and arc not to be found in any igneous ineks e\rep( ulieie nsli 
falls 01 nearly cooled lavas have overwhelmed jiliints iinil iiiiiiniils 
They occui in all types of sediiiientaiy locks but aie goneiiilly lieist 
comniuii in piuc sandstones and most abundant in calcaiemis ^IuiIin and 
limestones Red sandstones and shales usually have few fossils, e\eept 
footpimts, because the red color is due to complete oMiIiilnm, ami 
this destinys oiganio compounds Even where ahimdaiit iiaeks inoi’e 
the existence of plentiful life, as m the Tnassio ledbeds ol Oonmrlleul, 
skeletal lemams are rare 

Aftei pieservation, fossils may be distnitcd or coinplelely des|lo^ I'd 
duiitig the deformation and iecrystallization of rocks involved m si mug 


E 8 DANA 

Fis. 27 A modtm joust killed mid tn piocisi of being biiiicil by alluvium on 
the delta oj the Yabtse River, Alaska 
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folilinp; or tluu^tiiijj; Kvcii IIk' compuction of homo tyiiOK of sodinionli, 
notal)ly hluck iiiud'', o:iii‘' 0 '' '-liolK oi hone to lie Miuoozod flai fFifr 
2iSj Tlif How ol weak look'- diiniifi loldinu; ooiuiuoiily disloils foh- 
hdh nilo iifoto^quo ioiiii" Molaiiioij)lii( locks fioiniontlv .show liluirc'd 
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l*i»i JS ImusjIh (lofoi Hied 1 »\ soUlit»K uii«l <•()»»]» k (ion of HjdlnMi'ntM Tliroo 

(»f }v inaintc icplilo fiom ( H't'UcouH (Niohiiiiu) < luilk of Kaiisan 

Tlu' nn(‘ in the < (‘nlci is nnih'foi iiu cl, (hut ill llic' Infl ^vuh (la! Icnu'cl I»\ ])H'ssuio iikiuiisI ils 
(micIh, 'incl lluil h( dm i 'v»s (laUancd hy jnc'Hsnic* iiKainsI iH hi(U*4 Ml ^v(*lo ahka whan 
huiiiMl Mxml, ^2 naUiiiil hi/o 

traces oL fossils (as in iiiaiiy iiiarlilos), ImL wlioic rocrvstallizaLioii luis 
buoii comiiloii', all Iracos of oi<;aiiic loiiiaiiis ai o lU'sLroycd 

Tntkri'hetation vni) UEfONSTKiTf'-rioN Ol'' h’os.srns 

Early Interpretations liistoiy does not leeoid the fust observa¬ 
tion of fossils A Jurassic! brac'liU)])od has been lound anumf> the 
amiilels ol Neaiidertal iiiaii at Saint-Lc'on (DoidoRiie), Kiaiice, and 
Ibere aii' other evidences ol aiiorif^mal fossil hunters Tn the wn'itnit>s 
of the (becks, there are occasional relereiices to .such objects Ioiik 
belore the bet;ninin}i, of (he Christian eia It is inU'iestnif!, to note that 
some ol Ihese eaily observers eoireetly inleipieted llie oif 2 ,anie, reniains 
and drew sititnilicant inferences fioin then jnescmcc in the locks 
Herodotus, for example', durmt^ liis Afiican tiavels about J,50 ii e 
obseived fossil sea shells in Egypt and the Libyan deseit, fioin which 
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lie correctly inferred that the Mediterranean hat] once hproad much 
faither to the south than it does today On the othei lianil, much 
fancy and mysticism were associated with ftissils even by f^ieat 
thinkeis like Aristotle, who, W'hile believing them to he oigauic, 
thought they grew in the locks His ideas of how this came idmut 
were rathei obscure, but his pupil, Theophrastus, cleaily expie-^setl Ihe 
inteipretation that eggs oi seeds buiicd with accunuilating sediment 
had germinated aftei buiial and giowii m the rocks l 
The natiual intoipretation of fossils as organic remains ol some soil, 
seems to have been general until the beginning of the IXirk Ages, 
when the Chnstian church came to insist upon a Iielief m a special 
cieation accomplished in six days, and a beginning of tlie Marlli at a 
time only a few thousands of years ago This liclief left no iilaee foi 
extinct creatines or great changes m the position ot land and sea 
Under this influence, interest in fossils was so subdued that lew uder- 
enceh to them appear in the literature of the Hark Ages AVilli the 
Renaissance, however, and the growth of natural science, fossils again 
claimed attention and soon became the subject of a eontroveisy I bat 
fully equaled in fanaticism and bitterness the mndcin eontroveisy over 
Organic Evolution 


The “Fossil Controversy.” The controversy really began in Ttalv 
about AD 1500, when the digging of canals through (Jenozoie marme 
formations brought to attention abundant shells so obviously like (hose 
of the present sea coast that thou significance could luiullv be doubted 
Leonardo da Vinci, who besides being an artist was trained as an migi- 
neer, took a great interest in these fossils and aigiied clearly tliiil, tliey 
were shells of animals once living in the places whcie they were found 
Theie nere many who flatly domed this, and for t\ui centurus the 
contioversy raged, advocates of the Organic Theory being Ireiiucntlv 
subjected to peisecution The most fantastic cxiilaiiations wci'c in¬ 
vented to avoid the biologic inteipretahon of fossils Rome wmc 
entirely mystical, attiibuting them to a “plastic force” at noik in 
the locks, while a few simply declared them “devices of the Devil ” 
placed in the rocks to delude men One of the most umaikablc illus¬ 
trations of such fanaticism occurred in Geimaiiy as laic as Klttfi, wlimi 
Jiarts of the skeleton of a mammoth were dug Irom Um IMmsloccnc 
deposits neai Gotha These fell mto the haud,s of Eimsl, Ton I/, cl a 
teacher in the local gymnasium, who declared them to be Uu' bones 
of some prehistoric monstci The amused public demanded a lull¬ 
ing, and the evidence was examined by the medical faculty oi Ibc 
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school, \\liH‘li is-'iK'il dll' ofliciiil Ulili the objects were but a 

“freak ol iialuie”! 

Wlicii at last iiianv ile\oiit C'liiisliaiis could no loiif;ci doubt Lbe 
oij;iUiic iialuie of lo^-^-ds, a ut-w idea came lo Ibc foie (bat made this 
coucei)!. not meielv acieidabli* bul, welcome all lossils w'cie atliib- 
uled (o (be Flood descidied in llu' Sciiidmes 'bbe ('\liemc Lo wbicb 
tills idea was caiued is immor(ab/.ed m a sobrnni balm volume jwib- 
lisbed by Jobami Scbeucb/.ei in 
172(1, enlided //m/m dilin'ii Ir^ht^ 

It conlanicil (be de^-cnplion and bi/,- 
ures ot ai(icubi(ed skebdous lioin 
cei(ain iMid-('eno/oic lake beds al 
()eninfi,eii, Swi(/erland iFifi, 29) 

Allboiif’b 111 1702 be bad Itoaicd 
lossiN as “sporls id nalme’’ 

Scbeucbzei now' decbuf'il (liese lo 
be bum.in I'cmaiiis jneseiN’ed since 
(be Flood W ben (be ^reat paleon- 
(olofiist, ('uMcr, la(ei lesiudied one 
ol the best (d (liese speeimeiis and 
found (he skeletons (o be only the 
leinains ol ji,ianl- salamanders, be 
icfencd (hem to (.be jienus A/id/ms' 
and nuined die sjiecies ^cIicik Jr.erd 
Two leiidlian vcrlebiie were like¬ 
wise desci'ibed and fiipucd by 
Sebeuebzer as “lelics ol (bat ac- 
emsed race that iK'risbed with (be Flood,” and bis fi'unes w^rc pnb- 
bsbc'd in the “Coppei Bible” edition ol the Bcriptuies in 17.11 

In 170G a nia.siodoii (ootb discovcicd in a jioat bou, iieai Albany, 
New' Yoik, rvas .sent to Governor Dudley of Massaebusetts, who under 
date of ,Tuly 10 winte to Cotton Mather about it as follows- 

“I .suiipose all the surgeons in town have seen it, and I am perfectly 
of the opinion it w'as a buinaii (ootb T inea.suied it, and as it stood 
upiigbt. it W'as SIX inches bigb lacking one eight, and lound lb inches, 
lacking OIK' eight, and its w'cigbt in the scale was 2 jioiinds and four 
ounces, Tioy weight 

“I am peifecdy of the oimnon that the (ootb w'lll agree only to a 
buiiian body, lor whom the flood only could jireiiaic a funeral, and 
w'itbout doubt be waded as long as be could keep his bead above the 
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cloudSj but must at length be confounded with all other creatures and 
the new sediment after the flood gave him the depth wc now find ” 

It i& dilEcultto realize that these words concerning a inaslodon tooth 
wcie wiitten in pious seriousness and not as a jest! 

Still another illustration is needed to show that little was known nf 
the significance of fossils bofoie the nineteenth ccnhiry The cii-'e of 
Johannes Bciingei will suffice He was a tcaclier at Win zbiug and an 
ardent collector of fossils who frequently took liis stiideiiis lo a soft 
shale outcrop where fossils wcatheicd out. As a joki' some stndeiil 
caived an image of an animal on a bit of the stone and left it for llu' 
next trip, When the cicduloiis Bermger found it and aeeejited it witli 
enthusiasm, the prank was continued until a kugc colleidion was as¬ 
sembled, including images of insects, flowois, frogs, and aslioiinniical 
objects These were eventually described and figured in 17J() iii a 
volume entitled Lithographui wuicebuiqenm. When, shortly afU'i- 
wai d, Bermger found Hcbiew letters, and oven his ov n niiino, iiisei ibed 
on the stones, he realized that he had been the victun of a hoax, anil 
in humiliation he attempted to buy and destroy the entire eililinn of 
his book Aftei spending all he bad, lie died in iiovcity and sadness 
Ironically adding insult to injuiy, his family, to recoiiji then hisl 
fortune, icpublished the work after his death and .sold it as a euno^ily 

The controveisy over fossils only solved to kmrlle llie mierest m 
these objects, and by the beginning of the mneteeiiili eeidiiry lossil 
collecting had become a hobby with many devotee.s m the clmrcli 
and out, one of the fiist large collections being made at the Valicaii 
By the year 1800 the oiganic nature of fossils vas almost universally 
recognized, and learned men were generally agiccd that they rejireseiit 
the life of the geologic past 

Modern Interpretations. Geographic Significance There are 
many groups of animals that live exclusively in the sea Chirals, 
biachiopods, ermoids, sea-urchins, and cephalopods aic but a tow 
examples Then occurrence as fossils in a lock implies the luo.scnco 
of a sea at some former time, even though the fossils aic now fai 
inland and at great elevations m the mountains, as the hlnocnc fossils 
in the Himalayas at 20,000 feet The coial leef.s so cnimnon m tlie 
bilurian limestones of nortliein Indiana leave no doubt that a groat 
bay 01 inland sea like Hudson Bay or the Baltic Boa covered Tnduma 
duiing Silurian time If we plot the distiilmtion ol Biluriun rooks 
lat bear maiine fossils, we can dctcimino at least the uiminumi 
ex en o this ancient seaway If m other regions wc find fossil land 
pants with stumps oi loots in place, or if wo find abundant bones 
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or "■liol!'' of land nniiniils, il i.s ovidciiL ihut flu; enclosing lock.s wore 
formed aliore seakael Fo^-^'IIn llnis nulicale llie ])a.Hh disinbutmn of 
land^ ami sen'' 

They niav al^o ]irove ibe former (‘xislonrc of land bridges between 
eontinenls now sejiarafed l)y oceans, oi (.he hnbmeigenee of iiresent land 
bridges For exainpbs (he sudden aj)])earanee of (he “elephants” in 
Korih America in Afiocene (nne, long afit'i' (hey had develoju'd in 
l'lui'a‘'ia, can mean only (liai. Amenea was Lhi'ii connected hy a land 
hndg(' (Ih'lnmgl wi(h llu' Old ^^h)rld By ainnlai leasonmg, it can 
he ‘~ho\\n tha( at seveial times in fhe (last North and South America 
have lieen seiiaraled or united At present the species of marine ani¬ 
mals on (he Adanlic side of Panama and Ccniral Anieiica aic almost 
all diffeient fimn those on the Pacific coast, and (heie is no way foi 
them to mingle ivilhout an impossible migration thiough the cold 
wafeis by way of Cajic Horn Therefore, when in ccitain of the oldei 
rock foimalions we find the same species of fossils in the Gulf region, 
along the not (Invest coast of South Amciica, and in Cahfoinia, it is 
evident that a strait existed somewhere acioss the isthmus Ilcie ve 
eaii get a double cheek, for wlien the niaiiiie animals were free to 
eioss from the Atlantie to the Pacific side, (he land animals m Noiili 
and Sinilh America were isolaiod and developed indepcndenlly 

('luiKitir Iiiiplirdltom Most kinds of animals and ii]an(.h are now 
resliieted to defmile climatic cnviromncntH Palms and erocodiles 
ehaiaeteiize (ho tropics and subtropics, as (he icindcer and musk-ox 
do (he Are(ie The inesence of the foimer as common fossils in the 
Oligoeene locks of (he Dakotas bears a vciy stiong iinpheation that 
(he win(ers at that tunc wcic iiiueli milder than now m (he Oieat 
Iduiim legion Tnkewise (he ]nescnee of fossil mnsk-ox m Arkansas 
and of reindeer m Fiance in Pleistocene sediments accords with un- 
imslakalde evidence of glacial climates at that time 

In reasoning thus fioin (he known distriinition of living types, wc aie 
faiily seeuie foi la(o geologic time but less and less so as wc go back to 
(he olfler rocks where the species and even the goneia are diffcicnt and 
inav liave bail ddfeient habits Caution must lie exercised even foi 
relatively recent geologic time, since animal and plant life are highly 
adaptn'c and certain exiinet species may have been adjusted to differ¬ 
ent ehmalie extremes Ilian living species aie, Of couiso I,he imidiea- 
Imn ol a (J)oup of sju'cies is moie triislworlhy than that of one Cumu- 
lalive evidence may (1ms be convincing even foi Mesozoic or Palco- 
ZOIC lauiias Foi examidc, since living reptiles and amphibia of every 
soi(i become torjiul when the temperature drops to ncai freezing, the 
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inference is justified that this was tiue for most, at least, of tlic Kicai 
Mesozoic icptiles Small reptiles and amphibia survive cold weather 
by crawling into holes or burrowing in the giound wdiere they aic 
piotected during their helpless condition, but laigc species, unable to 
find such lefuge, live only in regions of no host Tlieic is a slrong 
implication here that dinosaurs and other great loptilcs of the Meso¬ 
zoic could live only in legions of warm tempeiatc to tiojucal cliiiialcs 
Documents oj Evolution Since fossils rccoid life fiom age Lo age, 
they show the couise life has taken in its giadual developinent 'The 
facts that the oldest rocks bear only extinct types of iL'liilivcdy small 
and simple kinds of life, and that more and more eoiii]ile\ tvpes 
appeal m successive ages, show that there has been a giadual develop¬ 
ment 01 unfolding of life on the Earth Moreover, series of eloselv 
allied species and genera of a single stock, from successive honzoiis, 
provide clear instances ot gradual evolution The horse senes fisim 


the Cenozoic beds of western United States is a classical e\iiin|)Ie, 
showing m detail the developinent of the modem hoi sc from a Imv, 
forest-dwelling ancestor with three toes on each hind foot and lour 
toes on each front foot Although the comparative study of living 
animals and plants may give very convincing ciri iimstantial evidenee, 
fossils provide the only historical, documcntaiy cvidenco that hie 
has evolved fiom simplex to moie and more complex forms 
Dating the Record Inasmuch as life has evolved gradually, chang- 
mg fiom age to age, the rocks of each geologic ago bear dislmetive 


types of fossils unlike those of any other age Conversely, eacli kind 
of fossil IS an index or guide fossil to some definite geologic Lime For 
example, tnlobitcs lived only in the Paleozoic era, and the parLieiilai 
tnlobite genus Olenellus lived only during Early Camlinan lime, 
whereas the homed dinosaui Triceratops lived only m the Cretaeoous 
peiiod and three-toed horses only m the middle part of the Cenozoic 
unng the last bundled years, paleontologists in many paits of ihc 
world have co-operated in gathering such a mass of Lhis kind of in¬ 
formation that it IS now as easy for a trained specialist to identify 
the relative geologic age of a fossiliferous rock formation as it is to 
determine the relative place of a sheet m a manusciipL by its pagina- 
lon mssis thus make it possible to recognize rocks of the same 
g m different parts of the Eaith and m this way Lo con elate events 
and work out the histoiy of the Earth as a whole They furnish us 



62 


HISTORICAL GEOLOGY 


inference is justified that this was true foi most, at least, of the fi;ieat 
Mesozoic reptiles Small reptiles and amphibia sinvive cold wcatlici 
by crawling into holes or binrowmg in the ground wlime tlicy me 
piotected duimg then helpless condition, but huge .siiccies, unalile to 
find such lefuge, live only in regions of no host There is a strong 
implication lieie that dinosaurs and other great lejitiles ot the Meso¬ 
zoic could live only in legions of -vvarin teinpciate to tiopieal eliinules 
Documents oj Evolution. Since fossils rccoid lite fioiu age lo 
they show the course life has taken in its gradual dei’elopiiienl Tli(‘ 
facts that the oldest rocks bear only extinct types of leliitu'ely small 
and simple kinds of life, and that more and more complex Iviiln 


appear m successive ages, show thattheic has been a gradual develop¬ 
ment 01 unfolding of life on the Earth Moreover, senes of closely 
allied species and genera of a single stock, from successive horizons, 
provide clear instances of gradual evolution The horse senes fimm 
the Cenozoic beds of western United States is a classieul examiile, 
showing in detail the development of the modem liorsc fiom a tinv, 
forest-dwelling ancestor with three toes on each Iimd fool and loin' 


toes on each fiont foot Although the comparative btiuly ol li\iug 
animals and plants may give very convincing circumstantial evidence, 
fossils provide the only historical, documentary cvideiiee that life 
has evolved from simpler to more and more complex forms 
Dating the Record Inasmuch as life has evolved giudiuilly, chang¬ 
ing from age to age, the rocks of each geologic age liear distuielive 
types of fossils unlike those of any other age Convcisely, each kind 
ol fossil IS an index or guide fossil to some definite geologic time l<\ir 
example, trilobites lived only in the Paleozoic cia, and the ]uiitienlai 
trilobite genus Olenelhis lived only during Early Caml)rian lime, 
whcieas the horned dinosaur Triceratops lived only m the Cietacmous 
penod and three-toed horses only in the middle pait of the Ceiio/oie 
Uunng the last hundred years, paleontologists in many parts of the 
world have co-operated m gatheiing such a mass of tins kind of m- 
foimation that it is now as easy for a trained specialist Lo nlenlify 
the relative geologic age of a fossiliferous rock foriiiaUoi, as d ,s lo 
determine the relative place of a sheet in a manusc.iiit liy pa.,,,,,,- 
tion Fossils thus make it possible to recognize rocks I (1.. same 
age in different paits of the Earth and m Lius way to coircla c m .',ils 
work out the history of the Earth as a whofe They , 
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In the piovious paiagiaplife we have assumed as an established fact 
the gradual evolution ot life throughout geologic time. This provides a 
rational and convincing explanation loi the scciiience of fossil forint 
that we find in the locks But it is iinpoitant to realize that the 
sequence oj jossds u’as not assimed and does not rest on any theoiy, 
as explained on p 8, it was discoveied by jiaticnt t'X]iloration and 
discoveiy in many regions where there aie tliiek sections of fossilifcr- 
OU.S lucks having siraiile struetuic, ,so that the beds are known to be 
111 tlieir 1101 nial oielci of siipci position, the oldest at the bottom 

Reconstructions. The majority of fossils icinesent only the liarrl 
jiaith of cieaLiiies Even thc.se, inoicover, are commonly incoinplote 
The skeleton of an animal may have been scattered by the caini- 
vores that stri[)ped it of its flesh, or eiosion may have destioyed the 
exiiosed jiarts beloic its chance di.scovery We cannot, liowcvei, lie 
content with the mcic description of “vestiges of the dead”, hence 
paleontologists ate ever intent on completing the missing paits ant 
clothing the naked bones, m iinagmatiem at least, ivith flesh and life 
Modern museums, tlieicfore, disjilay many fossil skeletons with miss 
mg paits lestoieil In this practice there is no attempt to deceive 
fen (he plaster has ii luster dilfenent fioni that of fossil bone and the 
aiLifieial jiaits are evident Noi is the resioiation a incio feat of tin 
imagination The most simple and natiiial jninciples aic cmployei 
111 restoiiiig a fiagiiientary skeleton For cxainplo, if some of the 
bones in a light limb are lacking but those of the coiresiiondiiig Icfi 
limb aie picserved, it is obviously safe to model the missing boiiei 
as miiior images ot those in the otipositc limb. Thus, with one entire 
side of a skeleton incoinjilctely jneserved, the whole can be recon 
stiucted with absolute fidelity because of the law of bilateial sym 
mctiy Moicover, the bones of a single skeleton fit togethei whci 
naturally airanged Even if they were disarticulated and piled m £ 
heap, it would be no moie difficult than solving a Jigsaw puzzle t( 
fit them together in then proper places, especially when we havi 
aiticulatcd skeletons of similar living types for comparison If tlu 
skeleton lacks part of its ribs, those that arc preserved may be suffi 
cicnt to indicate clearly the contour of the body The missing one.s 
it IS then ovulent, must be shaped to fit into this jilan A profouni 
knowledge of comparative anatomy will justify still other restoratioiii 
that might seem to (he uninitiated to be guesswork For example 
suppose but four of the neck vcitebrai of a mammalian skeleton havi 
been lecovercd The specialist will know that three are missing be 
cause all mammals have seven neck vertebrin Whethei the mamma 
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is an elephant or a giraffe, the length of its neck is eontiollod liy (ho 
length of the individual veitebric, not by thoir iiuiuboi. II I u- skele¬ 
ton IS that of a bird or a leptile, on the contniry, no such s,in,,k. 
decision can be made, for in those groups the nmuher ol neck ler- 
tebiae vanes Suppose the skeleton is that of a dinosaur, and sei oi'al, 
but not all, of the tail veitebiai aie present The uuinber ol iiiNMiig 
ones may be inferred from the rate of taper in Lbcise ibiit aie luv-ent 



Fig 30 Eaily rcconatructions based on. inainmoUH)onos km oiisl hh I it>n .i** it 

utiicorn by Otto von Guiicke in LCG3i left, leconstiiution "Tlie lUm” 1)\ .Idiiii'M 

Pedder m the London Txme^ in 1841 The Intloi is uftci G G Simpson fioiii Satuml 
HiMory 

If the tail IS long and slendei, there is a chance hcie toi some eiior, 
but even so, the mistake will not be great 
In many instances skeletons are found alone anil at least paitly 
articulated When two or more such skeletons arc sufliciently eoiii- 
pletc to be safely identified as belonging to the same siiecies, (he 
missing paits of one may be reconstructed horn the othei Thus, il i( 
so happens that the front end of one has been destroyed by eiosmii 
and the tail of the othei is missing, \vc can still rcstoie an entiie, but 
composite, skeleton faithfully representing the spoeies Tlie reslora- 
tion of fossil skeletons theicfore leaves little to guesswork 
Howevei, the clothing of the bones with flo.sh m hlelike ieeoiw( ruc¬ 
tions docs involve poweis of imagination, guided by profiiund knowl¬ 
edge of compaiaiive anatomy Wc can visualize c\(,iuct creatuies 
only by comparison with living types If the evolution of life had 
been utterly haphaaaid, this procedure would be futile, but few, if any. 
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of the great gioups of animals have become wholly oxLinet Genera 
and species, even faniilies and ordeis, have died out, but all these 
had giadnally evolved lioni otbei.s, more or less closely related, viliicb 
hlill have living debcendants This is one of the leasons why the 
laigci paleontological icscareh inslitntions aie searching the far cni- 
ncis of the Earth for living amiiials of all kinds Alter a caichil 
comparison of the skeleton of an extinct lepLile with all lelated living 
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111 A fiintiiatic u’cniistnu'lion of viinons wsv innnslprs From Thomas Hawkins’ 
Book of th( Cheat Bra Biaooni, ISIO 

types, it lb iiossible to vihualize the depaited with a vividness far moie 
rclialile than ineio imagination could supply 

Tlie first atteniiiLs at the recon.stiiiction ol extinct animals were 
made beioie anyone had a very geneial knowledge of anatomy oi 
compaiative moiphulogv It is not suiinising, thciclore, that these 
early elfoitb weie lantabtic The oldest known attemiit is the leeon- 
■stiuction of the uiiicoin by Otto von Guuckc, liuigoinastci of Magde¬ 
burg, m 1663 (Fig 30) It was composed of varioub Pleistocene ele¬ 
phant bones, the “lioin” being, m reality, a tusk Another eaily 
restoiation is shown m Fig 31 Fiom such early attempts, liascd 
more on legends and myths than on knowledge of amiiial life, it is a 
fai cry (o the eiitieal inodcin sliidies wlieie the neecssary inuscles uic 
modeled on the aiticuhUetl skeleton one by one, as the fleshy body is 
built np, and wlicie attention to the miiseulai faccls on tlic bone and 
caiefiil eomparison witli the imiseulatuie of related living tyiics reduce 
the element oi speculation to a mmirauin 
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Chapter 4 

THE CONSTANT CHANGE OF LIVING THINGS 

“A fiio-misL .111(1 j. pinnot, 

A (‘iyst.il tiiid .1 cpll, 

A irllyfisli and a NUiiian, 

And (lues wIk'Io tho (‘av(’ in('n dwell, 

Tin’ll a M’liM' of law and licanlv 
And a fa((' Linncd fiuni lli(' dod— 

Sonip ('(ill il, lOvnIiilion, 

And olliiM") (all il find" 

—WlI.r.IAM niJUlI.RT CABBTITir 

The Doctrine of Evolution. A tliouglitful pci son can hardly sur- 
I'ey Llie gieai diversity of life about bun without wondering how the 
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many kinds of plants and animals came to be And if he foiih’in- 
plates the fossil recoid and finds that in each geologic age (lie lOiuth 
was inhabited by still diffeient types of life, that rpiestion lieeonies 
inoiG insistent Thus far two, and only two, answers have hemi sug¬ 
gested—^the first is Special Creation, the second. Evolution 
The fiist theory, that of Creation, assumes that each kind of annual 
and plant was “molded from the dust of the Earth” ami “giieii (he 
breath of life” in its present form, each being a “speeial'' ami inde¬ 
pendent cieation To piimitive people who knew but a few humlred 
lands of animals and plants, and had no knowledge ot biology, Ibis 
seemed the simplest and most acceptable exjilanalioii, as natural us 
the belief that the Earth was flat and that it foiined (he ceidei o( (be 
Universe about which Sun and Moon and staus revolved Ermn such 
eaily speculation this theory was incoipoiated m (he ancieiil llebiew 
sciiptuies, and so, for centuries, it excited a piofound mfluciiee on the 
thought of the Chiistian w'orld 


The long and extensive expciicnce of hreedmg domestic annuals ami 
plants suggested a diffcicnt oiigra It is known, for oxainjile, dial all 
modem bleeds of dog can be traced back Lo a single species ol wild 
dog, that all our domestic horses have come fiom one oi (wo siiecii's 
of wild pony, and that the many biccds ot cattle have sinuiig linm 
one, 01 at most a few, wild ancestors If it has been jiossible, \Mlbin 
a few thousand years, to change a wild dog into foiiiis as ilu’cisi 
as the whippet, the bulldog, and the poodle, and if, by eaiehil seh'c- 
tion and breeding, it has been possible to tiansform tlic seuiwiiy wild 
pony of central Asia into the sleek Aiabian race lioise, Uic‘ (ovlike 
Shetland pony, and the ponderous Peichcron, then we can only won¬ 
der if in siindai fashion each kind of wild life has dcvclojicd lioiii 
some othei, by giadual change and specialization This line ol 
thonght led to the doctime of Oiganic Evolution, winch is tho hidicl 
that from some geologically remote, primitive foim of life all the 
diveise kinds of animals and plants have developed, each evoivnw 
from some previous form by giadual and oiderly change Accoidni-r 
to this conception, all creatures aic genetically related, like llio immi- 
bers of a great human family, and the degree of relaiu.nsl.ip ol dit- 
eicnt groups of animals and plants may bo roprosonbHl by llu- 
blanches of a family tree (Fig 32) 

It may be noted that evolution is no less a Kpecml Creation ibaii 
hat conceix.c m the Scriptures; it is only a i^eient method ol .!i; ! 
tion-one that is still taking place about us and that we can hone 
to undeistand There is still much to learn about the ways and means 
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by which evolution is bi ought about, but enlightened people can no 
longer doubt that it iff the method oj cication, and it is now univcisally 
accepted as a guiding pimciple in all fields of biology 

Eviiirnck 01'^ EvonuTioN 

The evidence of evolution is so viiiied and .so cvlensivo that volumes 
would be reciuiicd to review it all, and most ol il is too technical for 



simple iiicbcntation Tberofoic, we can lioiic heie only to suggest the 
natwe of the evidence Oui illu.stiations aie chosen fiom thiee 
distinct lines of investigation, the hast two biologic, the thud geologic 
Comparative Anatomy Homologous Structures It is a .striking 
fact that m vohiLed gioiips oi annual,s a given organ or anatoirncal 
sliiieture is built on the same plan Thus i.s illustrated reiieatcdly in 
Fig 33, foi, in spite ol the iinpu'.ssive differenees helwoen leptilo, 
Iciinn, and man, the skedeton in all tinea i.s eoiistiucted on the .same 
fundamental iilan, and its clcmeiils can be matched bone foi bone 
The foic limb in each ineludcs a single upjicr arm bone (huincius), 
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a pair of forearm bones (ulna and radius), a stuich of wrist bones 
(raetacarpals), and five digits. 

If wc extend the compaiison to distantly related iiiainmala sueh as 
the bat, the seal, and the dog (Fig 34), wc find gioat niodifieations 
of the limbs for different habits of life; yet the aiiii of a man, tlio 
wing of a bat, the flipper of a seal, and the foie leg of a dog are built 
with the same skeletal elements, the dissimilanties lieing due esstui- 
tially to differences in size and proportions of the huIivkIuilI bones 



Pro 34. IIornoloKOus sti'uctiuoa in loft foro limb of man, soul, liat, am! .lo^ 


Organs that thus agree in fundamental struetuio arc .said to bo 
homologous 

A study of the muscles and of the internal organs would greiilly 
multiply the examples of homologous structures in the animals men¬ 
tioned Such likenesses indicate kinship and de.scent, wiLli modifiea- 

tion, from a common five-toed ancestor; they arc incxphealile on any 
other basis 


Vestigial structures—those that have lost then funetion—affm d 
pel haps the most telling evidence from comparative anatomy (Fig as) 
Such for example, are the ear muscles in man, which aie hoinologons 
with those that move the ears of the lower mammals, but lu most 
iiumans are no longer under voluntary control and serve no iiselul 
purpose Another vestigial stiucture is the human ap],endix, wlneli 
penis to be only a source of danger, although its lioniologue in many 
ower anima s is an important part of the digestive system Al.oiit 
180 such useless featuies have been recorded m the Iniman body ()ne 
of the stiiking and unfortunate misfits of our anatomy is thc\vay in 

BavemM rir."' ’>”<*>' All Ihc mammal,, 

Bave maa and the anes. .mlk on all l„m, ,ith the body m a hormantai 
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jjositicm, and the delicate meseiitciics that hold the various oigans in 
place aic well fitted to this postuic In standing upright, however, 
man has In ought the body into a vertical position in which the mesen¬ 
teries, huppoiting the visccia and aiiangcd as in the quadrupeds, arc 
inadequate and incflicicnt As a result, human lieings sull'er fiom 
“iallcn stomach,” prolapse of the womb, paunchiness, and hernia 
Surely, if a body were created do novo, it would not be endowed with 
useless and dangeioiis appendages apniq those which aie functional 
in other animals; and Llu' liuman body would hardly liave been given 
the most inefricient and troublesome visceral support of all the mam- 



Fia 35 MotiiMioi|)liOHis of Uio fiog From riRhi, to loft cliistoi of ckrs, tiulpolp'i 
HliowiiiR two latt' Nt.vRe'i in tlu' huililniK of limbs, thus' o.iilv sUvros of Us lustiial hlo slio-w- 
iiiR till' Riailual loss of tlio tail m llio voiiiiR fiog 


nulls, one Lliat is efficient for Die quadrujH'ds but not for man Such 
vestigial sliiictures admit ol no othci rational e\])laiialion than tluiL 
man is rclati'd to otlicr animals by common descent fiom anoestor.s 
111 which these stiuetuies weie functional 

Embryology, The Law o£ Recapitulation Each individual be¬ 
gins a,s a single cell and by lepeated cell division glows and passes 
tliioiigli a lemaikablc series of embiyological and juvenile stages 
befoic assuming its noimal adult foim Thus oidcrly sequence of 
develoimiental stages constitutes its ontoqeny 
One of the great biological discoveries ol the last century is the 
fact that the ontogeny icjicats biiefly (and m many cases imperfectly) 
the racial liistoiy Stated as a natmal law, ontoqeny iorapitulates 
phyloqeny The amiihibians (for example, the frog and the sala- 
inandei) jirovide an illustration of such lecaiuLulation (Fig 35) 
They lay their eggs m Ibc watei, and these eggs batch into tadpoles 
that aie in c.sseiiLuil icspecLs fi.shlike, bieathmg by means of gills 
and having no lungs oi limbs But iliiimg giowth the gills arc rc- 
sorbed, lungs are foimcd, legs bud out fiom the body, and, after a 
transition period, the animal leaves the water to spend the rest of its 







































































































62 


HISTORICAL GEOLOGY 


days on land This rcmaikable metamorphosis implies that the re¬ 
mote ancestors of the amphibia were fishes, from w nch they i eseeiuled 
by migrating from the water to the lands, with all the luoditu alums 

which that migration imposed. , , i , 

Recapitulation really means that an animal has inheiited tuim i s 

anccstois a certain ontogeny which it lepcats up to the point at i Im i 
Its own peculiar specialization begins The auiplubians iiiht i itoi 1 fi o 




Tia. 36 Individual and racial history of the keyhole binchiopud, A-D, iiuh- 

vidual shells, lepresenting four stages of growth in a single species (/'i/ffope dijihtioidi i), 
E-IT, adult shells of distinct species from fom dilleieiit geologic nges, showing tliu ini ml 
history B, P, and 0 are fiom successive Jurassic ages, and II fioin the cailj I'letuiuous, 

their remote ancestors, the fishes, the capacity to lay only .siimll eggs 
without much yolk and without shells Such eggs can survive and 
hatch only in watei, and the young, of necessity, bieathc by inuaiis of 
gills The amphibians were never able to improve on this liabit and 
so, throughout the ages, have returned annually to the water to spawn 
Many fossil shells pieserve a lecord of their owm ontogeny Con¬ 
sider, for example, the keyhole shell, Pygope, among the .Tiii'iissif 
brachiopods (Fig 36) The adult shell has a hole passing through 
its middle, like the hole in a doughnut A young one, however, has 
the shape shown m A, a slightly older one, B, and a hull-grown shell, 
C The lines of growdh on the adult shell, D, iccordmg its margin al 
many stages of development, show that it passed through all the 
shapes preseived m the young shells It is obvious that the vmy 
young shell was not perforated but had a shallow notch at its front 
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margin, and duiing growth it became deeply bilohcd and the notch 
became deep and unmdod, eventually the lobew conveiged and grew 
together, thus tiaimioiming the notch into a hole This ontogeny 
would imiily that Pyqope desceiuled fioin a remote anccbtoi which 
at inatuiity was shaped iniudi like the young shell, A, and that, dur¬ 
ing I he ages, the laee undeiwent progiessive changes of shape similar 
to those lejieaicd in the ontogmiy ot Pijyopc In aelnal fact, a senes 
of species has been found in sneeessive hoinsons in the Jurassic and 
CictaeemiH rocks of Euiopo whicli piovc that the racial development 
did follow this course (Fig 36, K-ri) 

Anotliei illustration of ontogeny is affoided by the stiaight-shclled 
ammonite,/lrt(lildc,S', of late Cretaceous age (Fig 37) AlLbougli most 



37 Slicll of lUiculitiH cnmjncs'^m, u stimKhl. .iiiimomto wlionf lij) nnplics Hull, iLs 
lomoU'iinci'Hlon Mini'eoili'd Tins is ii voiiiiK “ilii'll I'liIiuKi'd iilioiil 10 (liami'U’in Tlio 
li.iiiHVC'iw miukiiiKS aio luii's of KiowUi on tlio siiifiuo of Uio hIicII 


ot the slicll IS slraiglii, (he tip is tightly coded, and the infcicnce is, 
therefore, that its leniote ancestors weic coded (as, in fact, nearly all 
aminondes weie) 

In so far as the eaily ontogenetic stages aie inherited tioin ances¬ 
tors, they eleaily mdieale the general natuie of tlie ancestial stock 
of any animal Thus, closely related amnials should he closely alike 
111 then early ontogeny, and, conversely, annuals that are closely 
alike in their youth aie piobahly genetically related, even though 
they specialize and become (lissimdar at inatuiily 

Paleontology The Documentary Evidence If life has evolved 
gradually smee early geologic time, the fossils jneserved m successive 
formations should leeoid many inteiiuediatc stages helwcen foiins 
now videly ddtcienliati'd, and should jnovide connecting links be¬ 
tween even widely (hstiiiet stocks of annuals and jdanlH In follow¬ 
ing cliaplers we sluill have oeeasioii lo note many such eases, some 
ol whudi liave played a mapti lole m estalilislung (.he doctrine of 
descent In the st.udy ot einbiyology and eompai alive anatomy wc 
hate (inly eii'cmnstant.ial evidence ol evidnlion, bid, in the fossil le- 
inains of evolving senes we have the actual docmncntaiy evidence 
that the changes have oeeuiicd 






64 


HISTORICAL GEOLOGY 



The origin of the keyhole shell di&ciissed nliove i.s an example, G.v 
ontogeny led us to infer how the pcrtoration de\eli)pi'd, Init the 

discoveiy of fossil shells lepie- 


discoveiy of fossil shells lepii 
senling the infeiicd elnuigcs m 
Bucccssivc Juiiissie ami Cre¬ 
taceous fonmitions alfoid.s fhe 
documentary pi oof in the ease. 

The .skelelon of the hoise’s 
leg dnsplays intciesUng vestig¬ 
ial stiuetuics uhose signifi¬ 
cance IS cleaily sliown by tlic 
fossil lecoid In the hind leg, 
for example, if we begin with 
the hip joint (Fig 38), it is 


easy to identify the thigh lione 
and the knee cap, anil below 
these the jmnc’d lower leg 
bones, the tilini anil lilmla 
The hock is loally the heel, as 
shown by its relations to Uie 
short tiusals, ami below (he 
lattei arc the elongated (oe 
bones From tins exannnaiion 
we may conclude tliat tlu' lioise 
walks on tlio end of one (oe 
and that the lower jiart of the 
leg has been gieatly h'uglhened 
as the heel came up off the 
ground (please examine also 
Fig 294, p 4C)2) 

Now in primitive inainmals, 
and even in the specialized ones 
that use their hands and feet 
for grasping or digging, the 
paired lowei hnih hones jno 
&ubcqiial m size and jnovule 
for a rotiuy motion of (In. 
hands and feet But m (Jic 

only fore and aft at the heel, the fibula IrirfoZlu'* 

.ts lower end deee not even’ 


American Museum of Naliiml Htalory 
HiQ 38 Skeleton of hind logt. of inodetn horse 
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presence of this vehtip,ial filmla implies, howcvei, that the remote 
ancestor of the hoise had a less specialized limb with fiecr movement 
of the foot And on each side of the iiitiin toe bone (the cannon 
bone) theie is a slcndei bone known as the i>plint, which can be 
nothinf> but tlie vestifie ot another toe The siiliiit bones clearly 
imply tliat the ancestoi of the iiiodciii hoise had three toes, as do the 
I'hinocoros and the tiiiiiv 

The senes of fossil hoises leeovered fiom successive Cenozoic 
foiiiuitions 111 the western Ihiited States proves Lins mlerencc to be 
true beyond any doubt Tor eKampIe (Fip, 2951, all the fossil hoiscs 
from tlie Plcisloceue, and most ot those from the Pliocene, arc like 
the model 11 hoise, but all tliosc of the Miocene have three toes on 
each foot In these, hoviceei, the side toes aic slendei and in most 
species appaieiitly functionicss, piobably dain,dinf> like the dew claws 
of cattle Ill the uiideilyiiit!; 01ip,oceiie beds, on the contiary, the 
three toes aie suiicqual in size on each toot and all shared in bcaimg 
the animal’s weight Finally, m the still oldei lOocene stiata, vestiges 
of a louith toe have been found m the flout feet No fully fivc-toed 
ancestor has yet beim identified, but then' can be no doulit that such 
a one existed Tllustiatioiis ot the iialeoiitological evidence of evo¬ 
lution could be multi|)lied to any length, foi they ioim the essence 
of the geological hisLoiy of life 

■\\h\YS AND MI'ANS of EVOLUTION 

Variation. Ileicdily is the piincpilc that "like begets like,” the 
parent ]iassing on to its ollspiiiig all its distinctive chaiactors IIow- 
cvei, no individual is eNaclly like its paieut, noi is it inccisely like 
any of its hint hens and sisters, even of the same bioofl, and commonl 3 ^ 
theie IS an aiqiieciable vaiiation among individuals of the same 
species Thanks to leceiit piogiess in the science of genetics we now 
undcistand a good deal about the way in wdiich variations arise, but 
the tacts aie too coinjilex and lechiiical for biicf piesciitation Rc- 
gaidless of the cause, expeiicnce indicates that, in spite of the heredity 
liinieiple, vaiuUious, mostly slight, occur m each new gcnciation 

The Stiuggle for Existence. All kinds of animals and iilants 
produce iiioic odspring (luui can pos.sibly .survive Alany of the lower 
annuals lay thousands or even luillioiis of eggs each year—the salmon 
as many as 2S,(KK1,000 and the oyster iiioie than 100,000,000—and a 
lilant such as the elm or maiilo ticc produces innumerable seeds This 
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means that among such oiganisms only one ovit ot milhou.s lives to 
maturity, otherwise the population of any speeies wnnild laimlly in¬ 
crease Even m the higher animals such as man, where low nlTspi'ing 
are born, moic die young than survive to inaliinty 
Thus, throughout Natuie there is an intense and nover-eeaMug 
struggle on the part of all kinds of oiganifeins to exist and to gion and 
to reproduce their own kind The struggle is against tlie eiivnomneni, 
against enemies that devour or those that cause disease, eoimnonly li 
IS against membeis of the same kind, in comiietitnm fni food, or even 
for “a place m the sun ’’ Life’s stiugglc is exceedingly harsh lovard 
the young, and success is the rare exception 
Natural Selection. In a stuigglc so severe, any advantage, linv- 
ever slight, may decide between life and death And of I lie inanv 
trivial variants that appear m any species, some will have an ailvaii- 
tage and will tend to survive, while othcis, loss favored, will (end to 
be exteiinmated Eoi example, if the species is an animal In mg in an 
environment where fleetness is necessary to cscaiie cannvoi ous enemies, 
the slow and the underdeveloped young in the herd have lit lie chance 
to reach maturity, whereas, on the average, the most ine(>oci(m.s mil 
suivive and pass on their oharactciistica to new descondauts In Hus 
way Natuie selects, as a brooder of stock might do, elnnmatiug I lie 
unfit (unfit for a particulai environment) and permitLing only the fit 
to continue the race And so, in spite of endlc.ss and raniloiu mu lal/mii.s 
from generation to gcnciation, only selected ones will smvive By 
tins method Natuie has evolved new species fioin old, to meet new 
or changed enviionraents 


A single illustration may serve to show how such adaptations aie 
produced (Eig 39) The crossbill, which ranges over Euinpo fioin 
the Alps to Siberia, lives on the seeds of cvergieciis Xu the Aljis i( 
feeds on pine cones, which are tough and hard and rcquiic ti stout, lluek 
bill if the bird is to break them apart and cxtiact the nut. In Siberia, 
however, it has to feed on cedar cones instead of pine, and in those 
the seeds he deeper but aie not so well protected, and hoio a longer 
moie slcndei beak is a decided advantage Now when the crossbill 
appeared m Europe (whether by migiation or evolution), those liinls 
that varied towaid long blender bills could not survive through a luud 
winter m a pme-elad legion where the competitum for food was keen 
because then fragile beaks could not break enough pine cones hT.: 
b Ids with short stout beaks fared much better Ooiivcvsely, the 

they could not leach the nuts, there, the buds with longci and moie 
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blender l)cakh survived Tims il luis eomc abouL that, tluough many 
generations of natural .selection, the ciosslnll of Sibeiia has a slender 
beak with the uppei jaw inutiudmg aliout one-ienth of an inch beyond 
the lower, whereas (he eiossbills oi the Aljis have shoit, .stout beaks 



Fill .i'l AcUplivo S[ic('i.ai/..U1011 of fill' t)L'!ikM in Uu’ finssliiU, Lnim Tlie p.iiiot 
riossliill (loft) food'! on pino (oiios, tlio comiuon oiossbill (fiiitoi) IoocIm on spuioo conus, 
and tlio lliiiialiu an iiossbiU foods on tlio sm.iU soft c onos of tin- l.utli Nutui.il 

WHO Dili fioin David DauK 

IlhrsLiatioiis could be luultiplicd ad inhnitiuu il spticc iiei'imtted, foi 
the whole complex' of hie is a nnize of iidapiations to siiecnil habits 
and condilmns 

Rfany biologists beluno (hat new species arise tiom old ilurmgh 
giadiial change lorced bv natiiial si'loction operating on random micro- 
niLitulmns tlthcis behove that lioiii tune to time mine proloimd 
changes in tlie genes may cause iiiegamiilatioiis great enough to stmt 
a new species at one jump Tlicie aic otbci laclors (bat may also 
play a jiuit As to (he general doctriiie ol evolution by descent with 
niodilicalion, theie is no loiigei any doubt of its validity, bub the ways 
and means me still (he subject ot uileiisive leseaich and hot debate 


Clonn VI MUf, lli'AniNo 

Oif/ipiu Evnhil’nn, liv Rii ImnI .S I,all 711 p.ifios Tlio Maciiiillim Co, New 
Yoik Her oil , 1917 

'I'hc OiK/iii ijj Spiru-^, liv Cli.iilos Ilniwiii 18,y) 

Ei’ohiliiiii fill Jdliii Dpi, by Hi nsliiiw W.iiil 1112 iiinos Tlio Hohlis-Moiiill 
Co , Inih.innpulis, 192') 

A iiopuluL ii<<Glint !)\ n Itniiiiiu fm Oir luMnaa 

The EviiJtilum oj Efiilli mu! Mmi, bv .Tosopli Hiuioll, Cli.ulos .Sohiic lici 1, anil 
otliois EiUtocl bv (loDino A Hiiitsidl 17(i p.iRi s Y.do llnuoisilv Pioss, 1929 
'rh<* (liMplM (in '*'rii(‘ iM(<hnn)Hni ol Ma gIiiI lini, 1)\ \V It (’iic, snmmaii/cH a siihjct t 
oill> ])ih']l\ ((iiidicd In tiui diiiplri 

(7r?/f7/f s, an Iii(n)(I}n lion lo ihn Sludu of liy TIciIit'il AVjlI- 

ici lliJ p'lpics 'I’ltr Miu null 111 (’o , N( w 1028 

\n niKtn talnhiK and lu< Id \(dniiif‘ 

G(*n<'fi<\ (1)1(1 iJit 0)i(j/n of H/n'Ctfs, l»v T Duij/liuiislvV 3'10 psigcs C!Iohiml)M 

Univ(MMi(,v l<)d7 

(’liailj yrUlin but toibnical 
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ORIGIN OF THK EARTH 


“Fiom Chao'?’ stait llie eons spioud 
And Rimd on slowly but exceeding hiimll 
To make a landscape ” 

—Fbueman Wood 

From the earliest times men have speculated upon the nritfin of tins 
WQild in which we livej and legends of a cication are known to ahnosi 
every race and tube Many of these beliefs arc fantastic, Imt I hen 
very existence shows that the Earth’s beginning has been an endless 
challenge to the inuicl of thinking man 
Before the Renaissance there was no check upon Mich .speciilaliou 
except authority and tradition Men then had no leal kuovledgi' ol 
the nature of the sun and stars or of the natural laws Unit govern 
the Universe There is still no hope that w'c can go back lo lust 
causes—the origin of matter and the beginning of time may he lor- 
ever beyond our undeistandmg—but it is now clear that the hhii Uh as 
such, IS not eternal, and we can hope to luidcrstand how and vlien 
it was molded out of stardust into a planet and set revolving uhoui 
the Sun Our present knowledge of the natiue of matter, and of (he 
physical and chemical laws that operate everywhere, has lecenllv 
made it possible to tap the hidden leservoir of suhatouuc energy, 
these laws aie precisely the tools we may also use in the scieniitie 
attack on the problem of the origin of the Eaiih, 


Close Relatives- The Solar System 

It IS now clear that the Eaith and other mcmheis of the Solar Sys¬ 
tem have had a common origin They appear to represent massi-s of 
material that were tom apart by a colossal stellar eatastroiilie move 

ironomr' " “ 
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OUIGIN 01-' 'I’llK RAIITH GQ 

At tlic c'cuiei of the Rolai Hystcm la Llio Sun, and involving about it 
-u’o iiiiu’ iilanoia with ihcir iiioimi, more than a Lliou&and idanctoidH, 
and the conieta and inctcoih (Fig 40) These will be examined briefly 
in turn 

The Sun The Sun is a star .S(i0,000 miles m duiinctcr and so hot 
as to be self-huninous Its lempeiiitnie is iduiut bOOO" (d at the sui- 
faee, iiiei easing to about- 20,000,000" (1 at the ei-iiLer The suifaeo 
teiiiiieialuie alone is sulhcienl lo eapoiize unv known substance, and 
thus, allhough it is made ol the same ehemieal elenieiiLs as the Eaitli, 



I-’k. 10 I he Sdlui Svsic'iii nii|i<|ui‘ Mc« fiotn iIhim-, shinMiiK (lu> nniilv (’iiciilai 
(ii])i(s of ill lull 1 hi- till Cl' not 11 iiiosi III iiicls 'I III- sp.K iim of ( he 01 IiiIh is llllllVIl to MClllo, 
the si'/o of (lie iitioclH licmn icihcm-uU'iI on n difli'icnt noil kumiIK c-iaKUcialcil stiilo It 
IS iiiiiiOHsililc lo icpicsciil 111! Sun on llns cxaK|.n*iiilcil siiilc, hiil it-s si/o, icliilivc to that 
of Ihc iiliiicis, IS shonii in I'p' l‘J Ailiiplisl fioni Ciicaoii, TJh Vault of the IIcami8 
(Diitloii iiinl < II ) 

the iSnn is enlnelv gaseous and exjninded so that its average .specific 
giiiMly is sciueelv niie-loinlli that of the Martli 

The eiieigy ladialed Iroiii (his white-hot globe jirovides the Eaitli 
mill hti'-giving naiintb, enalili-s iilanbs lo eieaie oiganie eoinponnds, 
lilts (he ^'apols dial lelnni as lani, se(,s (he atiiio.s|)heie in motion, and 
thus iiiotivides all the erosive (oiees on the planet If for no othei 
reason, therefore, (he Sun noiild Ik- a faseniatmg ohieet of study 
The Sun's eneigy is ladiated m all dneetions into space, and only 
about one pint in (wo billion is mlereepted al the hlardi It aninunts 
to 7(),(K)() honsepowei ]iei sqiiaie yaid ol the Hun's surface and has not 
flagged or vaiied greallv Im moie (ban a (lionsand inillion years 
The soiixr id’ (lie Hun’s heat i.s a problem (bat could not be solved 
iiidil Ave hud diseovei'cd (he seeiet ol subidonne energy Chenueal 
coinbiislion would iiol- sidliee, for if (lie Hun wen- made eidirely of coal 
and oxygen in eoiulnisl-ible i)io])oi‘lions and were to iirovidc energy at 
this rati-, it would have been entiiely eonsuined and transfoiined into 
cm bon dioxide and walei vapoi since the beginning of the Christian 
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era Moicover, the spectroscope cleaily shows that neither eaihon 
dioxide nor water exists in the Sun. 

The discovery of ladioactivity shortly before 1900 revealcfl a now 
source of heat The dismtcgiation of tlie radioactive elemenis was 
found to be accompanied by the slow but ocmtuiuous enns^Kiii of 
radiant energy Although this eneigy is given olf slowly, the tolal 
amount vastly exceeds that attainable througli the cheinieiil eouilm.s- 
tion of a like mass of any substance. Uranium and thoruim, (he eliief 
parent elements of the radioactive families, are widely disseiiunaled 
m the rocks of the Earth’s crust and now appear to lie an adcxiuatie 
souice of the Earth’s inteinal heat, including that inanilesLed in vol- 
camsm Indeed, it is fortunate that they aio among tlic rarest of 
substances in the Eaith, for if they were common the cntiic crust 
would be molten 

This now familiar source of energy immlves the bieaking tlown of 
the largest and most complex atoms into simpler ones, hut leccmt 
studies in atomic physics have shown that an oven gieutei resorvoir 
of eneigy lies in the opposite direction, namely, Urn Innldmg up of 
the simplest elements into more complex ones, for exain]do, hi/di oijf'ii 
into helium ^ The union of four atoms of hydrogen would produce one 
atom of helium and at the same time liboiatc a rohiLively Inige (luau- 
lity of radiant energy Actually, the hydrogen atoms pinlialily do not 
unite directly, but instead attach themselves one after another to an 
atom of carbon which is thus built fiist into an atom of nitrogen uiid 
then of oxygen Fiom the latter, in turn, the united atoms of hydiogen 
split off as an atom of helium, freeing the oiigmal carbon, which thus 
acts merely as a catalyst This has not yet been accomidished cxiieri- 
mentally because it will require a temperature of about 20,00(),()0()° (I 
to make atoms of hydrogen unite, and we can not generate wueli lieat 
nor could we contain it if we did, foi the most refiaciory crucible would 
explode into gas Such, however, is the tempeiatuic that obtains deep 

within the Sun and the stars, where hydiogcn is being built up into 
lieiium 2 ’ 


As the spectiG of atom bombs hangs over us, wc arc mclinod to 
legaid atomic eneigy with diead, little realizing that our world would 
be lifeless without it It has alicady been usefully employed in ways 

peace since the beginning of human existence—for sunshine is pme 
atomic eneigy I u ^ 

The visible white disc of the Sun is the suifacc of its body or vhotn- 
spheie which the telescope reveals as a billowy surface of sccthmcr 

wlnte-hot Outs.de this is a rate., ataosphete ol eiiS 
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5000 to 10,000 niilc's thick, kiitiwii us llic chunnnsphn c, bccaii.se of its 
biilliiiiit i(‘(l(li,sli coloi Kiiiiii ils .suilucc iiiihc the ,soh(? prominences 
(Fir 11) thiit leap oiil like L'linviiitms toiiRucs oi criiiisoii fliunc and, 
attuiiuiiR liciRlits of 20,000 lo 50(),()0() iiiilcs, soinctiiucs I'lsc with veloc¬ 
ities us Rieai as 100 iiules jici second Tltey aie wisjis ot IirIiL ruscs, 
chiefly hyilniRCii and heliuiu, driven iiii hy the laduitinn pu'b.sure of 
BlUlllRht 

Speclral hiie.s in the Sun’s IirIiI. peiinil the certain identification of 
iiiany ol tlic cheiuical cleiiienls known on the hkiilh, and there is now 



PVuUruK Stacunit Vim VierL Olnirviiioi y 


I’m 0 A III! Ilf III!' iim, slunMiiu ii hotii iiioiimiiMii'c Tlio I'liioiiiD'iijlicic 

iviiliwiiH ivliiiMi till' hliu'k ncisk nsi>il o> Moik out Un> Sim Tho iiiomim'iiiL' Im^ a boiKht 
of (1(1,0(1(1 miles 'I'skeii Ol (olii I 10,1010 

cvei'y icason (o helnwe lhal tlie Sun (‘onlains all the eheinical elements 
pi'cseiit lieic and no otheis 

t'ontiary lo Ihe liehcl ol (lie aneients, it is now known that the 
Eaith levoh’es around the Sun lIo\\e\ei, i( must not he ,supposed 
that the Sun is slationaiv 11 lolules hki' a top on its own iixi.s, tuin- 
iiiR once in idioiit 25 davs, and, at (he same tune, i( is rushing along 
thiough space, willi i(s ndiniie of planets, at a veloeily of about 12 
miles ])cr second 

The Planets The phinels an' nine in iiiunliei, and tlieir relative 
sizes (lie shown in Fig -12 '’I’liey fall in(o two decided gioiips, the 
minoi plancis fklciciirv, Ah'inis, Fuilli, and kfais) being relatively 
small, solid, and eai(h-hke bodies, wherea.s llu' major ones (.Tupitci, 
Satiiin, Fiamis, and Ncp(une) aie \aslly laiger and mo.stly gaseous 
(Plido, (lie mos(, ri’iiiolc jilaiiel, is behexed (o be solid and comiiaiable 
in size lo (he minor iilaiii'ls II. may not be genetically related to iiie 
other iilancls ) They all revolve in iieaily ciiniilar, coiiccntiic oibds, 
and are regnhuly spaci'd so that, xvilh tavo nr tliiec exception,s, each 
IS ncaily twice as fai as the next nearest fiom the Sun (Fig 40) The 
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first exception to this rule is that the iiiitioi iiiiil major jilancts aru 
sepaiated by a wide belt where a planet should lie hut wliero iiistoiid 
we find the planetoids Another exception is that the leiiiole idaiiet 
Neptune is not spaced quite fai enough The distance ol Pluto is on 
the average about 40 times that of the Eaitli Irom the Ssun (vaivmg 
between 30 and 50 tunes as a result of its notably ccceiitnc orbil i 
Earth is seen to hold an iiitcimediate position among the planets in 
seveial regards In size it is the largest of the minor planets, with a 



Fia 42 Chief membei, of Ihe Solai System, iciuoscntoil ,m u muf,„ se.il,. an,,, 
planets are arranged from left to right in oidei of then distanci. f, ) . ,4 ' K . i 
from Knysor s Abnss der allgemanen und stratioraplaachen OVofoyn (F 1,;„U„) 


diameter of 8000 miles compared to 3000 miles foi iVloiemy and Th)() 
miles for Mars, but it is far exceeded by the giants ,Iiipitei fSX.bOO 
miles) and Saturn (74,100 miles) 

fromtim m icgaid to ds distance 

from the Sun Mercury being about one-thud as fat, .Tujiitei live tunes 
as fai, and Neptune about thirty tunes as fai 

The Earth excels, however, m one respect—it is the densest of Ihe 
planets, having a specific gravity of 5 5, whereas LI,at ol Me.euiv 

... 

w .a* ,as Ma.' Zoi'i:.,',:”;,,"" 
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[Ti'ium.s five', uml Ncptiuic iv\o Noiu' has hccn dihcoverctl tor Pluto 
(Ku ov\u IVluoii IS cxci'iitioiial in luiviti}!, (ti cater mass than any other 
satellite, and 111 heiiiR lelatuely huge as eonipaied with its planet 
[fc IS intensely niteiestnig, ninieiuer, iieemise it is inucli the neaiest 
to 11s ot all (he heawnly lindies 
and (he only one vhose sni lace 
can lie easily oliserveil 

Dll eel pholographs Pirongh 
huge (eleseopes (lusi lii) leveal 
the fact tlnil, (he Tilooii has u 
hairen snriaee and is iiKeily de¬ 
void of atiiiosplu'ie [is great, 
flat la\a plains, siijiposed hy the 
aneieids to he seas (and theie- 
(oie named iiiiukO me endtely 
without walei 'Plie leason foi 
tills we now know to he that (he 
moon IS uo( huge enough to ha\e 
sndieieiit graiily (o hold an a(,- 
mospheie ll it were suirounded 
hy gases, they would leak away 
111(0 sjiaee just as gas would es- 
(iiilie Iioin mi open vessel placed 
on a class:ooiu (aide In fact, 
the ei alei-sem I ed sui face of the 
A'looii gives (he most stiihing 

display id vcdemiie lealures mid 

■ . . lii Tin* Mdoii lit fu sfc qiiai ti'i Tho 

OVOiy Cliltci UlU^ti III hfiiiH* IlIlK* (link Mpoi'i me smnutli lava 

have helelied foiih gases ni gieal I'j nns, uni was as (lie aucu-uis sunixisctl 
, , ,1 1 , , I'to (iicului dcpiL'Ssicms iiio onoimoua vol- 

yoliiiiie, ye(; (lie eoiuplele ali- ,,11111 daiois 
senee of si 1 earn valh'Vs cleaily 

indieales (ha( it has nevei had a rani-heai mg atuinspherc Evidently 
the gases escaped aliuosl as last as (liey issued at, the Moon’s sui face 
No evideuee ol ineseid eiuplions has ever heeii oliseivid, ihongh they 
would 1 ) 1 ' plmnh visihle In us il (hey oceui led, and il, appems, ihero- 
lore, llial (he Moon is now lilcless and changeless 
'I’he salellhe sysleiiis o| dnpdei and Saliiiii me like iniiiiaUiie rep¬ 
licas ol (lie Sohii' Svsicni, hu(, (hev )ircsen(, one exceptional feature 
ot special sigiidu'iuice, nnuiely, rctrogriule motion In general, the 
Sohu System is 01 gamy,eiI so (Init its elemeiils 1 evolve coiniteielock- 
wiso as viewed fiom Ihe Noitli Pole This is true of all tho planets, 
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all the planetoids, and neaily all the satellites However, the eighth, 
ninth, and eleventh satellites of Jupiter and the ninth ol .Satuin le- 
volvo m the opposite sense and are thercfoic desei ibeil as rehcxjtadc 
It may be signficant that these arc the outciiiiost satellites of tluai re¬ 
spective systems and aie far removed from then ]>hinets 
All the satellites thus far considcicd icvolve like the iihinels, neaily 
in a common plane, but those of Uianus and Noiitinic revolve in dibits 
obliquely ciossing tins plane at high angles 
Planetoids In a bioacl belt bctucen Mars and Jupiter there me 
many small planet-like bodies, of which about 1200 have been oli- 



Feidtnand hllnman, Moutti H OInt > lutm j/ 
Fio 44 Halley’s comet. May 6, 1910 


served, ranging in size from a diamctci of 485 miles down to 5 or 10 
miles, which is the limit of visibility with piesent telescopes Tlii'se 
are the planetoids They are too small to hold an atninsirhere and aie 
therefore lifeless solid bodies, each revolving in its own orbit about Ihe 
Sun Many of these orbits are decidedly elliptical, so that the plan¬ 
etoids occasionally cross paths 

Comets A comet is a luminous object (Fig 44) noimally disjilay- 
ing a well-defined head and a long tail. Comets revolve about the 
Sun in greatly elongated elliptical orbits Each has its own iialh, but 
as a gioup they show no common motion and do not he ni the gmieral 
plane of the system The head of the comet i.s made of solid lualtei 
like that of a meteor (sec next paragraph), and its Inmin mis (‘nv(‘lt)])(* 
and long tail appear to be composed of widely scpaiated nioleeules of 
gas driven off from the head by the repellent force ol the Run’s i adiani, 
energy This interpretation rests partly upon the fact that ni the 
comet’s journey aiouncl the Sun the tail is constantly directed away 
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after falling to Earth the solid objects aic known as metrmiiph (Eijr 
45) They are of particular inteicst because they seeia to be tlie scal- 
+eied fiaginciits left over after the creation of our Pohu iSywifui 


Earth’s Place in the XTniverse 

Nature and Distance of the Stars. The stars Unit dot llu' lieiivi'iis 
are all self-luminous suns The avciagc duunelei is approMinaielv 
1,000,000 miles, but there arc gieater giants like Has Algellii and Aii- 
tarcs with diameteis of 690,000,000 and 890,000,000 miles rc'speeiivtdv 
They appeal to us as tmy points of light only liecause ol I lieu enor¬ 
mous distances Oui Sun is about 93,000,000 miles triini the Earlli, 
and its light requires nearly 8 minutes to leaeli ns, traveling at, the 
velocity of 186,000 miles per second But it takes light uvei 1 yeais 
to reach us fiom the nearest star and 10 to 500 yeais to eonu- limu 
the brighter stais about us Many faint stars are thousands (d' light- 
years away (a light-year being the distance light will tiaiel in 1 yeai 
at a velocity of 186,000 miles a second) 

Our Galactic System The stars aie not inlimlo in niiniber nui 
indefinitely scattered through space The gioat l('le,seopes imlieiile 
that they number possibly 100 to 500 billion and that they eunstitiite 
a great system occupying a definite part of space, eirnnlar in iilan, and 
elliptical in section like a groat lens Picsiunubly the syslem rolafos 
on Its avis like a colossal pinwhcel The Milky Way (lelhies llu' jilaiie 
of the system, and the gieat telescopes reveal this belt of luiiit light to 
be made of mniiinorable stais so remote as to lie mvisilih' mdividuallv 
to the naked eye We aic relatively near the eeutei of (,hm gieal 
lenticulai system and, looking out toward its vast iieniiheiy, ue see 
the distant stars apparently crowded only because we are looking 
across the greatest diameter of the system Our sLelhu universe tliei e- 
foie constitutes the system of the Milky AVay or the Oahmtie Ryslem 
(Gr galaUmos, milky) It is believed to have an equatm nil dmniel ei 
of the Older of 200,000 light-years and a polar diameter jirohaldy one- 
tenth as great Poi a long time the Bun was sipijmsed to be muy 
near the center cf the Galaxy, but the most recent lesearches in.heal e 
th^ it is about 40,000 light-years from this point 
The mind can not grasp such distances ami fails to eomiiiehend (he 

l,„ M.. System a,„„„e the shus Let „s .I.V.,,;: 

th scale of Nature by a thousand million The Biin may ihen be 
^presented by a pnsli-ball 4^/, feet m diameter, and (,Ue 1 ^ 1 !!: by 1 
maible mcli m diameter at a distance of only 500 feet Tlie entii e 
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Sdltii S^-'li’iii UDuld liuM' .1 tlumiili'i (il d milc^, Inil llio ncatchl, sUu, 
by iLiiiillici pn'li-lj.ill, would lie 'drpOOO imU'^ iiway And 
dll' iiM'itific di‘'lau(c lii'lwri'ii till' ht.iis on (Ins si ale would bo Ions ol 

(Imiisands id nidosl 

Beyond oiii (!alii\y ui turn lie ollieis wliieli eon,si dide (be spnal 
nebnl.e (Fiy; Ki). 'i’hey ate aann'iiiides ol slais like oiir own (lalaiitie 



liUfy ahHirvaforii 


I'Ki |() Siuml lu'hulii in Vntliniiuclii, 'tt'oh iii nhlnjiu* \H'\v 'I'liis it tlin niiK oiio nf 
Uu‘ iu'l)ul.i' (o tiu* iiiuinl(‘cl (‘vc uiul llu^ uniiDln lo )»' 

s(‘('n wiUkmiI i ope Its dislaiui* in MOO,()()() \(*ius 

Ryslein bid, i.solaled so I'ai out, in sp.iee llial, we see Ibein as laiiB, hazy 
IHiiids ol ]if!,ld visible only tlnoni>li the I.eleseope Ileisebel eoni])aied 
Ibeni to islands in a sea of space 'Tliev .ire known as sjui'a! nebrike 
(lad, nclndn, idond) because ol (heir ob\ lous spiial loiin and the lari 
iJial, they eonniioidy ajipeai as (doinl-liki', bnmnons objeets 


IR i’(rrm';sios or hBirrir Okioin' 

Several hypoibeses IniM' been ad\uneed (o aeeoiint foi the niigin 
ol the Solai Sysla'in, but, as yet none is i’lee ol serinuH objection,s 
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Even so, the best of them dcseive brief study hooauso they loitrosont 
the present trends of thought about one of the gicutcsL iiiihoh ed jirob- 
lems of oui woild Furthcimore, our gcologio thinking is conunoiily 
influenced, directly or indiicctly, by tacit lussumiUnin us lo the oiigui 
and loregeologic histoiy of the Earth Such a coinnion ]ihrasi> us “I,he 
ciust of the Eaith,” foi example, stems from the eoneeid-uni tluit tins 
planet was originally molten and, in cooling, crusted over at the sur¬ 
face Even the far-rcachmg belief that fold luoiiiiluins linvc' uriseii 
because of shrinkage of the Eaiih’s interior rests on the assumption 
that the Earth was once hotter than now and is slowly cooling 


The Nebulai Hypothesis of Lnplnro 


The first explanation to merit serious consideration as a scienlifie 
hypothesis was suggested by the philosoiilier Kant and lalor de\el¬ 
oped, about 1796, by the French astronomer Laplace, who (-ru‘d to 
show how a hot gaseous nebula, in cooling, would auUmuituuillv de¬ 
velop into a solar system This seemed a smiiile exphinahmi of most 
of the features of our Solar System knoivn at the time, ami TjUplace’s 
hypothesis was widely acclaimed during tlic nineteenlli eentmv, m 
the light of our present knowledge, howevci, it has only lust one in¬ 
terest 

HYPOTHESES OP SOLAR DISRUrTION 


By 1900 the weaknesses of Laplace’s hypothesis had Ixnmme so m i- 
dent as to make it seem improbable that a ncluila eoiihl automalicidly 
develop into a solar system Then two Aincrican scientists, tlu' gi'olo'- 
gist T. C Chambeihn and the astronomci E E Moulton, eomrived 
and developed the hypothesis that the Sun, originally without jilanels 
had at some remote tune nearly collided with another stai and as a 
icsult had been partially disrupted, the fragments galheung ulioul, it 
to form the several members of the Solar System Tins eoncTplion is 
SystaT^ theories of the origin of the Solar 

The stais aie icmotely spaced, but they Imvcl at velocities of many 
miles a second and move m diverse clircctinns Eoitnnaielv (lie 
c anees o collision or even of close approach am lomote H ,,.; nn- 
P obablc did happen, the mutual attraction would nunml, as Iavo slurs 
approached, and each would be drawn toward U,e olhen Tf lliey did 
no ae ually collide, the course of each would bend shar y ,w 
he 0 her until the moment of passing and Llien would L 1 ■ y 
straighten out m some new direction as the stars rm 11 f n 2 
and tl.e f.„ns of a„ , 
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witlnii ii iinlluiii miles nr '•n ul eacli (illier, il, appears eerlain that tidal 
sliesses at the imiiueiit ol jia'-'iiif; wmild cause each to he partly dis- 
lupted 

The i)iinei])le (il Ihe tidal Imec'- ilhi-lialed iii Fip, 17, wliieh icp- 
le,seats (he ■'iiiiide ea'-e iil a planet, such a.s IMeicuiy, levidviiifi; about 
the Sun In this iii'-tanie, Meiciiiy is held iii its comse by two fnices, 
one iliiMiie, it ahead in ps inhit and (he othi’i' drawinu, it towaid the 
Sun II (he limt ahine were aetiin;, iMeicniy would lie dn\ en away 



Flit 47 IliaKiiiiM Id i>\|itain (tie tiilul fon ss m u eliiiict, {M) levolviiiK iitxml, tliu Hun (H) 


into h]iiice aloniJ, a stiaif’ht line (broken line), if solar attraction alone 
w'cre aetiiip,, it would lull diiectly into the Sun The .size of its orbit 
Ls deteiiniiied by (be latiu of these loices If, tin evainple, the Sun's 
attraction were increased, (he planet would be drawn into a sinallcr 
dibit, but il it were deereased, JMercury would fall aw'ay (hiouf^b ccn- 
tiifufral loree into a larp,ei orbit Now', since the foiee of attraction 
varies inyi'rsely as the sipiaie ol the distanec lioiu the Sun, it is evi¬ 
dent that a ])aitnde, a, on (he iieai side of Meieiny, is actually at- 
tiaeted nioie hlioiifi,ly than a iiartnde, r, on tlu' oiipnsiLe side The 
planet as a whide, ol eouise, obeys the inleiniediato or avcrUKC force 
exerted on all its pait.ieles, but (he side neai the Sun tends to be drawn 
into a snudlei mbit and is thus jailled up into a low tidal bulge facing 
the Sun, wdiile the oiiposite side, hedd with less than the average pull, 
tends to fall away into an equal tidal bulge opposite the Run 
d’hc height of the tide depends, of course, not on the total solar 
attraction but on the differential attraction on opposite sides of the 
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planet Since the planets are millions of itiilch iiom the Sun and only 
a few thousands of miles m diameter, there is a veiy hlif>;lit dillerence 
in the distance (hence in the attiaction) betvreen far and noai side, 
and the tidal bulges aie vciy low 

In the case of two stais coming within a million miles m .so of tvicli 
other, however, the dilfeicntial pull on opposite .sides ol eacli Mould 
use to a laige fraction of their total attraction as each swung sliaiiily 
around the other m passing, and the tidal force's would (lien leaeli I he 
critical point of disruption At that time the tidal bulges in a gaseous 
star like the Sun would rise into couch, from which mailer would 
stieam forth as from a syringe Imlli squeezed at the middle 

The .subsequent behavioi of this ejected mafeiial ami the incHiod 
by winch it was gatlicicd up and organized into ibe Solar Svsiem aic' 
still the subject of investigation and debate \\h shall biielly evaui- 
inc the Wo leading hypotheses 


The Pkinctcsimal TlypothcHiti 

Chamberlin (Fig 48) ami Moulton behevod Uml, c\idosi\e foices 
within the Sun played an nnpoitant lolo m Ihc tidal diMupImn Fliey 
considoied the solai proimnences to be evidence of colossal explosion's 
111 tlie Sun, due to its cxtiemcly liigh Icinpevulm'c Accordingly, tlu-y 
aigucd, when (he tidal bulges approacliud Uie stage of disiuplion, sucli 
explosive foiccs would diivc the material out m greal: ji'ls or fml/s, 
instead of in a steady stream of ga.s If so, each boll 'ol gas wdiibl 
behave as a unit, being drawn by the passing slur and sc-t, mlalmg 
in a highly elliptical orbit about the Sun According In this view, the 
disruption would have resembled in a veiy ical way the explosion of u 
gigantic pimvheel thiowung off sparks in the jilaiie of its rotation 

It is postulated that many bolts were ejected from the nm■e^llal sim 
some large and some small, but that ten of the hugest seived each as 
the nucleus of a planet, and another broke up to foim (he jilanetouls 
while the smaller ones foiincd satellites and metcois, as well as a east 
amount of scatteied material that was later gatheied nji by Ibe 
p anets It is also postulated that five of the ton gieat bolls wi'iv ex¬ 
pelled Irom the tidal bulge facing the passing star, ami that (Iu'm' wei e 
ciawm faither away to foim the majoi planets, while five ejecled liom 

lea Cl the Sim to foim the minor planets and 11,e planetoids Thus 

density bef contrast in size and 

density between the major and mmoi planets 
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Formation of a Solar Nebula of Planetebimals Tf hot gas was 
thus (‘xpc’llcil in grciil jcK timn (lie Sun, cacli boll would cool lapidly 
as it I'li^licil Old lido ‘']ia('i‘ and wniild lend In condense iiiln lK|uid and 
tlieii into s(did imiIlelc', wliile at llie ‘-nine tune tlie sudden n'lease from 
liK'ssuie would fa\oi' lapid expaiisnin and dissi])alion of llie gases 
The net, lesidt, aecoiding to ('liainhei lin and .Moulton, was a swairm 
of solid paitiiles |hki‘ ineleontesi in a halo ot cool gases The solid 
pai tildes the> called iiliiii<‘lr',niiiih Siieli a swai'iii id planetesnnals 

loi'ined the nucleus id each plaiiid _ 

lliiwiwei, the bolls that loiuied the 
inajoi planet'', being made ot the 
bghlei eleinenls, mii-'l ha\e leiiiaineil 
lai'geh' gaseous Moieovei, Ihev weie 
large enough to remain mlail because 
ot Ibeir iiileinal alli.uliou, wbeieas 
the iiinioi |danels weie made laigelv 
ot ])lanetesunal' and weie loo sni,ill 
to hold most of the ga'cous nialeiml 

W'lthm a lew M'aisallei Ihedi-'i'iip- 
lioii, the passing sim bad leeeded 
again into space, the tidal loices had 
died down, and the iiiipted lualeiml 
wais left to tall back lowaid the Sun , I'?,, 

liiilni (ISM )1)2S), pioiu'or stiuleiit 
]\'[c*lLin\ llllCf how (M , llie ] )ull ol I lu* of I* UI l h 011(1:111 tin oukIi til'll ujit 100 ot 

passing star had diawn each |iailicle i'»'Hiin 

in its wake and stalled the whole system i'e\'olMng Most ol the le- 
tui'iiing |iaiticles, tbeieloM', missed the Sun in tlieii fall and diopiied 
into elh|ili(id oibds in winch (hev eoiiliiuied to levolve I'lach bad 
ds independent, oibil,, whose size depended on the loice of the explo¬ 
sion fioni wliieb it spiaiig, the nearness of I,he distiiibnig star when 
its bolt was eieelcfl, and \arious olbei laetois Since all lay neaily 
111 OIK' gc'iieial phuie, these imiiuiieiable solid paitides swmimed about 
the Sun in a soil, of iniiilatine sjuial iii'liuhi. 

Growth of the Nuclei into Planets Tn this .solar iieliiila the ni- 



teisc'c'l.ion ol mints wniild have inadi' lieqiient ('idlisions mevitalilc In 
this w'ay (he lew' huge inielei niiist lui\e giown at l,h(' expense of the 
lihiiu'b'siinals w'hieh llii'y sw’i'pl up exaelly as llu' Naitli now' assiim- 
lates till' nu'leoiili's it nilI'l'C'ejil.s At (list the amiiimt of fnioly seal- 
tci'i'd matc'iial was jirohaldy vi'ry gretil, and the largei nuclei may 
have been illuminated by a eonstaut lani of metenrs 
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It can be demonstrated that in the union at two paiticlct, travcliup; 
in elliptical orbits, the icsultant orbit is a comi)i()nui-.L> betnoen Lho 
two and more nearly ciiculai than either, hence the contimied giowlh 
of the nuclei would lesult in moie nearly ciiculiii oibits In tins le- 
spect the theory finds striking confirmation in the iact llial, the plnudh 
have almost ciiculai orbits, whereas the idanetouls, which arc much 
smaller, show maiked eccentricity, and the nicteois and comets still 
travel in highly elliptical paths 

Slow Growth and a Solid Earth. Accoidinp, to tho rLuictcsiinid 
Hypothesis, the material of which tho Eaith is fomictl had cooled to 
solid particles within a very short time after its cp'ction funn the Snn 
The nucleus may, of couise, hai'c letained consideiahlc lieat, Imt the 
major part of the planet has been built of small solid jiai tides In 
the collisions between planctesnnals and nuclei, heat was ot necessity 
geneiated by the impact, but if the fall of planotesinials nas not too 
frequent, each would cool befoie another struck rn Ibo same jilace 
Chamberlin and Moulton have strongly advocated the view (hat (he 


growth of the nucleus was slow, requiring many millions ol yciirs foi 
its completion, and that the Eaith was not molten at any stage of 
its development, its surface having been cool liom the hcgmiiing 
They recognize as an alternative, however, the jiossihibty Dial, the 
infall was sufficiently lapid to pioduce a molten smiace 
Primordial Atmosphere If the Eaith was foinuHl l>y slow ac¬ 
cretion of solid particles, it could have had no atmosjilu'in until it 
attained a diameter of more than 2000 miles IVith greater mass, it 
should have retained gases gathcicd from its path and those gi'iieiated 
by volcanic activity within At first its gaseous envidojie must havu 
been thin and raic, increasing gradually to its iiiesent condiimn It is 
possible that free oxygen existed from the first, or, if not, (hat jinmi- 
tivc plant life was established long before the Eaith had reached its 
present size, and by photosynthesis had broken down carbon dioxide 
and freed liberal amounts of oxygen 


Objections to the Planetesimal Hypothesis During the hist foiu 
decades the Planetesimal Hypothesis has boon subjected to seaiclung 
criticism and now appears to have serious shortcomings, only a lew 
of which can be presented here 


In the first place, there rs now convincing evidence tliid, (lie Earth 
passed through a completely molten stage As explanu'd m ('haji- 
ter 18 of Part I, there is good reason to behove that it lias a metallic 
core suirouncled by concentric layers of less and less dense matenal 
with a veneer of granitic rocks at the surface Such density sLratifrco- 
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tion rcsciiihlc'- find ot (he in ii Innuicc, wlicic the uuilleii uiiitenalh 
Iui\c aiiiim;"! thcni-clve- .11 (•lHlllll}^ In dciisilj "Pluf, is dilhcult to 
c'xiiliiui on fhe a^''niiiiilion tlinl llic lOarlli ii'iniiinod solid dunny, slow 
yiowfli liy dll' iiiliill of -olid piirlKdi's, i(, iinplios, iiilliov, a molten 
si aye 

Helii'l in a niollen I'dirtli i- al-o conliinit'd liv other line- of evidenee, 
for example, the quaiildy ol -all ni llie -la Salt 1 - t’lodueed in Llie 
weallieiinii o| pnnuuv loek- heainif; -odmin, and heiny liiylily soluble, 
is Lu'yely earned lo, slicuti- to the siai, wheie it, leinain- in soluiinn 
Tlnouehoul yeoloaie lii-loi\ tin- Iraii-lei ot -,l 1I- to the -ea has lieen 
yoiny on, and still -eaMalei i- only ahoiil one-tenth saturated iiilli 
ics]K'el to salt ('aleiilalion shows, liowe\ei, lliali all this salt eoiild 
he derned fiom the we.dheiini!, ol a -nrlaee hner ol aveiaye lynemis 
locks only hall a mile deep o\ei the Marlh It weafhermy and eiosion 
had taken jdace duiiiiy the -low iiiowlh ol the outer 2t)l)0 mile- or so 
of the Maith’s ciu-t, the oeeaii- shonld he salinated with -alt Unless 
theie 1 - some uu-ii-peeled aneiil lemoMiiy -all liom the -ea, the Maith 
must, ha\e heeii tiill-iyi'own heloie eio-ion heyaii, this would he the 
ease li it weie onymallv luollen Fii addition, Iheie are diiecL impli- 
ealioiis that, the iMooii and the planet, iMeieiiiy wei'C molten until tidal 
friction had slowed down their rotation to ayree with their periods of 
revolution, so that iMei'cuiy keeps one lace alwiivs toward the Run, 
jii,st as the JMooii keep- one lace toward the Marth ft these bodies 
weie molten, ol,her niemhers ol the system probably weie, likewise 
kurlheruKiie, it, is doubt lul that iilanelesiinals, once lormed, could 
peisist loi lony d'lieii' niuliial eolhsioiis would have served to scattei 
them into dust or reduce them to yas, and if so, the maleiial ejected 
from the Sun would e^'e^t,ually liave been laryely dissiiiated into a 
gaseous condition In any event, the majoi jilanets must have devel¬ 
oped as gaseous lathei than solid boilio.s, for tlioir low doiisities indi¬ 
cate that they aie still laryely gaseous 
Finally, there is no longei reason to believe that the ejected material 
would have lett the Run in the foini of “bolts ” The solai iiroinmenees 
aio now known to consist of iiarticles of atomic size driven out by the 
laihation piessme ol liylit, a force utterly meileetivc against a large 
mass such as the postulated bolts 

The (iiiHcom IFypothesi-fi 

In view of the serious objections to the Planctcsimal Hypothesis, 
two Bntish scientists, Su .lames .leans, astronomei, and Harold .Jef- 
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freys, geopliysicisi, developed the hypothcbis Unit the disrupted 
matcnal left the Sun as a steady stream of incandescenL friis They 
deny the impoitancc of inteinal explosions in the Sun, jxuiiliiifj, to its 


even, cncukr peiiphery and noting 



Pjo 49 rdealized diagiam to illusliate 
the tlieory of tidal disiuption and the evolu¬ 
tion of a gaseous hlument into planets The 
uppei lelt panel .shows the courses of the 
aiioestial suii {wlMe) and a pusMiig .stai 
(circlei) duiing a near collision I’lve stagoa 
here indicated in the evolution ol the SoUi 
System aic shown on a laigei scale in panels 
1 to 5 No attempt has been made to show 
the true scale of sizes oi distances The 
passing stai may have been Inigei than the 
sun It may also have suffeied disruption 
and may have developed a system of planets 
of Its own 


that the holai prommeucoss lU'o in- 
conscqiu'iitial 

Formation of a Gaseous Fila¬ 
ment On this iissuiupLiuu the 
tidal bulgcss luso lu ft cidicid 
lieight ns Sun nnd sliir np- 
jiroachcd, then, the solnr gnses 
gushed fin til iu a steady stieam 
from the udvanruig tidal bulge 
(po.ssibly also fioiu Uit ojiiiosite 
bulge) Tins continued until 
the distiirlnng stai had passed 
and the tidal loiees began lu 
subside Meanwhile the stream 
of hot ga.s had been drawn nut 
to a distance of uianv uiilhims 
of miles a.s a sleiiilci gaseous 
filamont of cosmic luopoilions 

Since Sun anil stai waa-e con¬ 
stantly changing lelative posi¬ 
tions (Fig ‘W, iipiier lelt paindl, 
the filumeni was nut only drawn 
out from tlio Sun hut also was 
given a baekwuud pull wdiieh sid 
the entire sy.stem m rulatimi in 
the plane of cue mint ev 

Segmentation of the Fila¬ 
ment into Planets Such a 
slcndei sticam of gas would he 
a.s unstable a.s a sticam of w^alei 


iivnii u, jiu'iL' auu, nice me 

latter, would tend to break into segments and contract mto sjiheros 
Jigiire 49 is an attempt to visualize the ovolutum of the paituilly 
disiupted Sun mto our Solai System The upiiei left iiaiud shows 
the course ol the ancestral Sun {while) dming neai collision willi 
the passing star [circles) Bccau.sc of miilual aLLiaction, lioth Sun 
and star were deflected fioin then normal courses us tlu-y up- 
pioached and curved about a common center of gravity As the 
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Sim (l(‘(■lll)u■(I ])ii''i(iims I, 2, iJ, 1, iiud f), in turn, tlio pabsiiift blar was 
m ]](iMtioiis 1' I he's mill llic' iiancl), 2', l^', 1', ami 5', I'ChpccLivcly The 
('(imlilimm m tin' Sun ai tlicM' li\i‘ slaf^cs arc shown on a Luficr scale 
111 panels 1 lo 5 Tlie hliiineni had l»et!,nn lo loiin iii posilimi 1, and 
was nioie eloiifialed in pn''ilion 2 Hy (liis lime, howevc'v, Llie older 
pari laid hee,iin lo Ineak nilo scfimeids (hat weie Lo loiiu (he oiiler- 
luost idanets, I’hilo and Neplune The oulllowiii}; hlanieut eoiiLinued 
Lo shed isefi,meii(s a( ils liee laid, in pnsilion I!, I'mii' ol the phiiu'Ls wore 
honi, and in ]ioM(ion •!, Ihe h\e onici planels had apiieaied and an- 
oLhei sefiineiilr was l'ni'iniin> Helorc i( lunl leaehed posilum 5, Lon 
sefi,inenls had lieeii heed, (he disluil)in<!; s(ai had iiassed, the tidal 
(oiee was suhsidinfi;, and (In.' remanmi}; hhuneiiL was lallniK back into 
the Sun 

iMeanwhile (1 k‘ (on se[i,iuen('' had lieen ]nilled far out (loin the Sun 
and diawn Loward (lie ioe('(lint> s(ar so dial, as i(s ahiaeLion (hod 
down, they did iio( (all direedv Imek luw'ard (he Sun but swuiiy, in 
elliptical minis aboul i( 

Many fealuies ol (he Solai Sv.slein lind an e\i)l.iiin(,ion in the 
assuniiilion lhal (he (ilanienl vaiied .svslein.dieallv in size and C‘mi- 
slihdion limn miler (o innei end. Tim milei jiarl., iL seems elciu, 
eoiisisU'd of (he lifililei fj,asemis mali'inal drawn from (he suilare of 
(he Sun, but as the slai ai)|)ioaehed and Lidul iorees sleadily increased, 
heaviei nialeiials wer(‘ diawn up Iruni deeiier wilhin Ihe Sun and, 
lurLlieiiume, Lhe sLieam of {las increased Lo a inaxiinuni f>,irth as the 
star iiasHcd and (hen became thinnoi as Lhe lidal lorces declined 

This accounts satislaetoidy foi the siz(‘ of Jupitei and the icftiilar 
decrease in size as we pass ontwaid Lhimi}>h Saturn, Uiaiius, and 
Ne]ituiie It also accounts, iii jiait, loi the small size ol the innei 
planets Here, howawer, anothei iaetor came into jilay 

When first broken troiii the filament, each sefi,ineni was made of 
intensely hot gas tending to sprcatl into space Only the internal 
giavity in each could counteract lapid leakage of the lighter gases 
Tlieic IS a critical size aliove wdiich this intoriial foicc ■would hold the 
gases, even iii a heated coiidiLioii, and this can he shown to lie between 
the mass ol Jupiter and that of the fOailh Ihmci' in tlie oaily devel¬ 
opment of Lhe system the great segiiu'iils lost almost nolhiiig, while 
tlie small ones sulleied great rvastage of Iheir hghtci constitucnls 
The attraction of the Sun undoubtedly helped also to rob the nearer 
planets of their escaping gases As a icsult, the minoi jilaneta, made 
of the small segments formed fioin the taiieimg inner end of the fila¬ 
ment, suffered great wastage, were unduly reduced in size, and attained 
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a specific gravity far above the avciagc for the iiliniets in the sysiein 
Mais, especially, seems to have suffcied beiamse of its iieaiiiess to 
Jupiter Thus, the differences in density among llie planets find a 
rational explanation 

During the encounter the filament and its segments iveic not only 
diawn out fiom the Sun, but the segments were also diawn progies- 
sively faither apart This is a natural conseqiieneo of tlie law of 
gravitation The attiaction between two bodies varies mvc'rselv as 
the square of their distance Theiefoic, as each segment left (be Sun 
and eaine nearer the disturbing star, its motion was neecleintc'd The 
first forward segment thus reached the greatest distance from the Sun 
net merely because it started fiist, bub also because, being ncnri'st to 
the passing star, it had tiavelcd faster than any other segment during 
the enoountei This appeals to account for the fact that the planets 
aie spaced so that each is approximately twice as far as the next 
aeaiest from the Sun 

Development of Circular Orbits. After the In caking ot (In’ fila¬ 
ment and the lecession of the passing stai, each segment was allowcil 
to fall back toward the Sun Its original courbo must tlieielore liin o 
been elliptical, and the present ncaily cncular orbits ol 1lu' ]>liim’ts 
lequire explanation For this, Jeans and Joffieys invoke the uder- 
fcience of the gases that leaked away from the filament, foiini'd a vast, 
atmosphere pervading the whole system, and loLaied as a unit uilh 
the Sun For a time this gaseous medium may have been relatively 
dense, even though it has since condensed about the Sun (and perliaits 
the major planets) and has thns disappeaied Such a gaseous enve¬ 
lope would have formed a “resisting medium” through which the iihin- 
ets had to plow then way in their elliptical flights about the Sun, It 
can be shown that the effect of this would have been to ictard the 
planets in then outward flight and speed them on their return toward 
the Sun, thus giadually lounding their elliptical oibits into ciiclcs 

Formation of the Satellites. Upon the fiist revolution, each seg¬ 
ment must have passed lelatively near the Sun If so, it siiffcicd tidal 
strains piecisely like those induced in the Sun by the jiassing siai 
The small, inner planets, having lost their lighter gases and aii- 
pioached a liquid condition, escaped without catastrophe, Imt the 
large segments, still completely gaseous, sulferecl tidal disiuption, a 
gaseous filament being diawn from each in turn as it passed the Sun 
Segmentation of these filaments produced the satellite systems of 
Jupiter, Satuin, Uranus, and Neptune 
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The Moon, on ilio coutuiry, prehcnts a, KiK'cial case It as relatively 
a giant among tlie satellites and was obviously formed m a different 
waxy Calculations liavc shown that it a liiinid oi a seimliquid body 
were disiiqiled by t.nlal sti'ams, the lesult wamld be a giadual fission 
into two instead ol the ejection ol a filanicnt AppaieiiLly Earth had 
reached just this ciitical stage at the tune of its hist jouniev past the 
Sun, and oui Moon was separati'd troiii it in Lius w'liy, giadually leccd- 
ing to its lU'cscnt; distance' 

The iiiegularity of ceitain ol the satellites is attributed to their cap¬ 
ture by one iilanet tiom aiiotbei duiiiig the eaily stages of develop- 
nicnt oi the system, while the mbits w'eie still decidedly elliptical and 
the iilanets oeeasioiially came nean'r to each other than they do now 
In this way, peihaps, the retiogrado satellites of Jupiter and Saturn 
may ho explained 

The Primordial Earth Aeeouhng to the hypothesis just sketched, 
the Eaitli was at fust gaseous and sell-humnous, gradually cooling 
thiough a molten stage t.o a solid It was thus full-giowii at birth 
and molten until just beloie the beginmng ol geologic time Nutting ‘ 
has clearly oiilhiied the se(^uel which lollow'cd 

If the original teiupi'ratiiro exei'edi'd fiDtlt)" Absolute, all the olo- 
meiiis were above their eiitieal tempeiutuies and must have leinamcd 
gaseous and uiieumlnued But when the Eaith had eooleii to about 
J000° A , iron and silica could condense to form a luimd core, and a 
I’ow' oxides and earhides could loim, lloaliiig, like cream, at Llie snr- 
faco At 3000° A these first-loriiied eoiiiiiuimds could begin to crys¬ 
tallize into the fiisL solids on the ICarth 

Mcanw'liile neaily all the oxygen, as well as many oilier clemoiiLs 
in lessei amounts, leniained as tree gases to form a vast iiLmospliero 
probably a thousand niilcK thick and exciting a jnessuie ol more than 
30 tons jici squille nieli on the liquid core 

When the teiniicratiirc had dropiiod to aliont 2200° A , however, a 
profound change began, fur then oxygen could combine wuth othei 
elements to loim silica and silicates As convection cun cuts in the 
hquul coie biought cvci-fieslt supplies of matoiial to the snifacc, oxi¬ 
dation inocccded on a colossal scale until the molten silicates weio 
formed, tiom which Llu' locks ol the EaiIll’s siu face wmuld later solid¬ 
ify Mcanw’liile, as the oxygen wuis tliiis used np, tlie atmospheric 
prcssnie decieased When, latci, the molti'ii Earth liegan to solidify, 
convection cmicnls could no loiigei leacli the sin face, and oxidation 
of the matcnals in the coic ceased Whether this occuircd in tunc to 
prevent the total depletion oi the oxygen from the primal atmosphere 
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is uncertain If it did, the atmosphcie luis always luwl almndiuit free 
oxygen, if not, the present oxygen has been supplied by the pliotosyn- 
tliesis of living plants duimg geologic time 

Another piofound change occurred when the tcinperatuic hiid fuiully 
dropped to 374° C, foi this is the critical point above which w atcr will 
vaporize m spite of any prcssiue Up to this time all the water uiion 
the Earth was held in the atmospheic, now it could hcgiii to enu- 
dense As the temperatuie dropped lorvci, ram (lescondcd in loirents 
beyond human conception, thus initialing ciosimi and lonning the 
oceans Of course, the removal of vast quauLiLies of water vapoi 
from the air loweied both the atmospheric jirchsuic' and the boding 
point, so that not all the watei could condense at once, l)ut piobablv 
95 per cent of it had fallen by the tune the temperatuie at tlic surface 
had chopped to 200° C 

Finally, solai heat began to play the jniucipal part m a'linning the 
Earth thiough the now thin and broken canopy ot cloud Foi tlu' (list 
time sunlight attained the suiface of the hthospliou', and the oiigiii 
of life was possible 

With the condensation of the waters and tho bugmmiig of erosion 
wc pass fiom the cosmic to tlie geologic lusloiy of (he Eai (h 

Objections to the Gaseous Hypothesis Cuiical aualvsis has 
alieady revealed shoitcomings in this hypotlic'-sis, most of which a,i (‘ 
too technical for iiroscntation hero 

The fiist objection cunccins the distiibutiou ot the Gncrtjji oj mohon 
(the moment of momentum) in the Soltu SysLcm The Pun, Im 
example, with more than 99 per cent of the mass m Ihc cidii'e svslcin, 
possesses less than 3 per cent of the energy of motion, wlu'ieas .hiiulei, 
with less than one-tenth of 1 per cent of the mass of tlie system, pos¬ 
sesses neaily 60 per cent of the energy of motion This waiuld seem 
to imply that at the time of disruption nearly all the cneigy nnpai led 
by the passing star was given to the planets, with (be lion’s sluue 
going to Jupitei and but little to the Sun Furthci more, tlicic is gieat 
irregulauty in the shaie of the energy possessed by the seveial planets 
This peculiar distribution of the energy of motion among the iiiemlieis 
of the Solar System is a serious obstacle not cxjdaincd by (he Ciiisc'ous 
Flypothesis, and it applies wuth equal foicc to the Phmetesimiil Hyim- 
thesis In an attempt to explain it, Russell (193r)) suggesl.ed lluU, 
at the tune of near collision the Sun was a lunaiy slai willi one 

*This is fai above the boiling pom! of wutei imdei piesent suiliico coruli(, 10 ns, 
but the atmospheiio piossuie then piobably exceeded 3700 pounds per sqiiiue 
inch, and imdei such piessuie the boiling point is 374° C 
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largo anil one Mimll eomiionent, anil Iluifc the smaller one na& disiupted 
to lonn tlie iilunets and their salollitoh On thiH assumption, most of 
the energy ol motion ol the ])lanets muv have been mhented fioin the 
(liHi'iipted ('oni])onent AHliongli tins olleis a moic rational ovplanation 
ol the distnlmtion of the eneigy of motion than any olhc'i hypothesis 
vet sugge.si,ed, it encounters of.lier ohslaeles and was finally considered 
l)y Ifnssell to be nnsatisfai Lory 

Tlie origin of Ihe satelliles offeis soiions dilhculLies foi the (taseous 
Hypothesis, as ivdl as for the I^lani'tesimal Hypothesis, these arc, 
iinloiinnately, loo teelinieal loi' Iniel tiealment 

Indeed, (Iiere are numerous olhei obstacles, discussed by Russell 
in 1931) and loo teclimcal lor licatment heio, that make all present 
theories ol the oiigm of the Solai System seem inadequate Tidal 
disruidion ol an ancestud sun slill atipeais to be the most piobablc 
staiting ])onit, Init llie development of tlie Solar System continues 
in oltei unsolved piobleins 

At incsi'iit the conclusions most plausible apjieai In be (11 that 
the System is not eternal, but came into being more Ilian two billion 
yenis ago lliiough ieoigaiiization of pre-e\isting inattei, (2) that 
ICaitli and the oilier inenibeis ol the Solar Syslem weie genolically 
lelated m llicii oiigin, (3) lliat Harlli and Moon passed tluoiigh a 
molten stage, and (1) that lOaitli was essentially lull-grown before 
geologic pioeesses of erosion and seilimentalion began on it. 
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THE CRYPTOZOIO EON. PRE-CAMBRIAN HISTORY 
OF THE EARTH 

‘'WI111I finest, (hmi cKo 
In tlio (link l).u’kw.ii(l .111(1 iibvsra of limo?” 

—Till 'J'impr.sl, Acl 1, Smio 2 

The Ruins of Time. Eaiih’s beginning was followed by long 
Cl as that ai'o veiled in the shadow,s ol anticiuiLy Enoimous groups 
of ancient locks, lying in tangled confusion liclow the Paleozoic, foim 
an inipicssive lecoid of those ('iiily times, hut without fossils to date 
them, each is like a fiagment of an unpaged nianu.script that has 
been scattered and torn 'With local evceptions they have been in¬ 
tensely deloimcd, in huge part they have sulleied .stiong metamor- 
phisiu, and only reumants have e.scapi'd eiosum oi burial by younger 
formations 

In tins u'speet the oaily luslory of tbe Eartli is beset with dilRculLics 
like tliose eneounlerod in the study of early nuui, Back of the his¬ 
toric past stietch the luilloiiiiia ol foigotten civilizations known to us 
only (hrough the umis they have left Silent abodes of the chff 
dwellers, like scatteied implements of Palcolitlnc man, docuinent 
chapters in the caily histoiy of civilization no less ical hocauso they 
aic not yet fully uiideistood They ate disconnected fragments of a 
iccoid that grows cleaici with each new discovery 
In this sjmit we must aiiiitoaeh the caily histoiy of the Earth 
Foi these remote ages we have only fiagments of a iccoid Eventu¬ 
ally, study of ladioaetive mitieials may give us dates so that we can 
fit most of the incees into their ])laees in the time scale, but as yet it 
IS uncertain even how many eius of time tlicy represent Thus far 
two Cl as, the Airheozoii and Proterozoic, are eoiiimonly recognized, 
but we may find eventually Ibat seveial eras preceded Lho Cambrian 
Distribution of Pre-Cambnan Rocks Pre-Oaiiibi'ian rocks arc 
presumably world wide m extent, but m fouv-tifths of the land sui- 
facc they aie biiiiod by yoimgei foniiations Exposed aieas (indi¬ 
cated in Fig 50) aic of two sorts (1) the coies of mountain ranges 
where great uplift and deep erosion have laid them bare, and (2) 
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the so-called shields,’" winch are stable areas that since Pic-Cainbrian 
time have never been deeply covcied 
The greatest of these stable aieas is the Canadian Shield, which 
centers in Hudson Bay, stietches southward to the Cheat Inikos, 
westward to the plains of Alberta, and eastwaid to iiiehide (lieen- 
land, embracing more than half of Canada As mdicatcd lu Hig 50, 
each of the continents has at least one of these ancient shields lu 



Fig £0 Map showing the aicas of outoiop 
several shields aie heavily stippled and lue named 
lean Mmeum of fTataral History 


of Pio-<’ainbiian lodcs {liluch) 
base amp by coiiiti'sv of the 


The 

1 . 11101 - 


general, they were sites of gieat activity during Pro-Cambnan tiim', 
then became stable, and subsequently have stoutly resisted deforma¬ 
tion and, through prolonged eiosion, have bccoino great intenor plains 


Natueb of thb Pre-Cambrian Record 

The Pre-Cambrian history of the Earth as a whole can bo sketched 
onty ni the most general terms; the difficulties of correlation between 
widely separated regions limit our study for the most pait to local 
facets of the record. As an archeologist must depend upon the iccord.s 
of mdely seated ,n th= study „t proh.st„„„ so wo nmst 

*The name shield was sugi-ested by the fapt that the suitaic of each of hmsc 
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choose a few typical i('fi,i(ins to illiislratc the nature of the Pre-Cam- 
biian rocks and the piobleins they picsent 


The (hand Camion Section 

One of Ihc cleari'st and grandest of tlic cxiiosnrcs of Prc-Cain- 
briaii rocks may he seen in the (hand (hiiivon of tlie Colorado Hero 
Lower Camhnau strata, stdl essentially lunixontal and undisluibcrl, 
overlie, with piofound iiiu'onfoiimty, two great systemsf of foima- 
tions 

The older ol these, the Vishnu schist, is well exposed in the Timer 
Goige (Fig 511 It is a complex of mica, quartz, and hoinblendc 
schists, mtiuded locally by guiinle and shot through wuth a complex 
of pegmatite dikes Planes ol foliation sl.aiid neaily veitical except 
wheie the schists are gnarled and cuunph'd (Jiiarlzilns occur at many 
places in the complex and, while loi the most pait these aic thoi- 
oiighly reerystallized, some jiiesene evidence ol stialification and 
even ol cross-liedding, thus betiaying a delmile sedimentary origin 
It IS inleiied that most of the mteiienmg schists also were oiigiimlly 
sedimeiiLaiv locks, probably (hu' mmldy sandstones and shales’ If 
so, the Vishnu seliists leiiiesenl a sedimentary senes of veiy gicat but 
imdct Cl mined thickness that has been intensely metaiiioiphosed, piob- 
ably at great depth It is lieheved to be, in ])ait at least, equivalent 
to the “Oldei Pie-Cambiian” locks that are exposed in the ranges of 
south central Aiizona which, although strongly deformed, aic cleaily 
scdiiiientary and have a thickness of some 15,000 feet - 

Uiiconiormably resting on these old schists is a gieat thickness of 
sedimentary formations a])tly named the Chnnd Canijon. syntem 
Formations of this system once cmeied the wdiole icgion m legulai, 
hoiizontal beds, but belore Cambrian time they wcic reduced to lem- 
nants iii seveial dowiiiaulted blocks Walls of the Canyon west of 
the mouth of Little Coloiado Rivei show' a simple conformable suc¬ 
cession of these stiata exceeding tw'o miles in (hiekness (Fig 52). 

The Gland Canyon system is essentially umnetamorphosed, thus 
contrasting m the most striking mannei w'llh the undeilymg schists, 
which must be vastly older d’ho system begins with a basal con- 

I lu the Pic-Ciiiiiliimn, cs in llw' latei lodvs, llic liuncsl. uniLs luc called sys¬ 
tems, lull, 111 dll' .ibsciKC of .ideiiuiilc fossils, woild-wiilc ecu id,il,ion is iiupossiblo, 
and loc.d Hvstouis mo lot ogiiized in diffounil icRiona In this ic.spcct tbo Pic- 
Cambiian system,s mb not compiuublc to those of iatei times 
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glomerate resting on a pcneplaned surface of the Vislinu schisls Fol¬ 
lowing this come limestone and then limy shale ami sandy shale and 
quartzites Near the middle there aio flows ot basic lava The lime¬ 
stones, and probably a largo part of the shales and quaitzitcs, verc 
deposited m shallow maiinc water, but parts of the sandy slude and 

sandstone inc hughi rod and 
aio so commonly nmd criu'ke<l 
as to suggest deposition on a 
bioad llood]dain The region 
was probably innt of a great 
della plain m winch snbmannc 
and siibacnal dc'iinsitmn altoi- 
nated And since these siiata 
were formed ncai soalcvfd, 
the region olivmusly subsided 
slowly and to the extent of 
many thousands of feet while 
deposition was in ])i ogress 
Some of the limy beds iii- 
chidc charactc'iislu' deimsds of 
hmc-sccroting algie These are 
one of the lowest foi ins of plant 
life (bluc-greon alguO, eonsist- 
mg of tufts ol inicioscopic fila¬ 
ments, each a single cluuii of 
cells In using the caibon di¬ 
oxide from the surumndiug 
water, they mvoluutaiily pio- 
cipitalc calcium cailamate 
which settles over the colony, 
film upon film, to build up 
massive oi hcinisphcncal de¬ 
posits wnth a cbaiaeLcristic 
laminated structnie (Figs 71, 
72) Such plants have sur¬ 
vived fioin Pie-Cambiian time to the picscnt, peisisLing m Ihis hme- 
secreting habit, they aie therefore coinmnnly known as the nih mcojift 
algie Sponge spicules also have been idcniiricd from these rocks 
Thus one of the lowliest forms of plants, and one of the most primitive 
groups of animal life, aie recouled licie, but the Giand Canyon beds 
are for the most pait destitute of fossils. 
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Fig 51 Pie-Cambnan loolcb of the Giand 
Canyon, looking east fiom a point about 
10 miles duo east of El Tovai Hotel In the 
foreground is the innoi gorge caivcd m the 
Vishnu schist (V), heie the Cambiian (C) 
rests dll eotly upon the schist, but m the mid¬ 
dle distance the Giand Canyon stiata (GC) 
appeal ag a wedge, thickening and dipping 
away fi om the observei A dotted line foliows 
the uncoiifoiinitj between the Vishnu schist 
and tile Giand Canyon system, and a white 
line follows the angular nnconfoiinity at the 
base of the Cambi lan 
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ft/! 32 Aeiud vuw of the imth wiill of the Cnaml Caiiycn, loobiij’ noith flow a 
fti/nt 2 ei 3 mtlei wert of tlit mouth ofLtttk Colouuh litivi A hokeii white hm 
follow! the Ikiie of the Ciimhtmi lyitem, which is uppio.\ti/iiiteh hotiyontal Be- 
neuth It, dipptiif^ to the iiflit, me beix of the Cruiul Cumyon xy\tem The arrows 
u pliix b pliii i xpiiii the thicknest of the Gland Canyon stiiita heit exposed 


The I'u'-Cimibi'uui liiblory of this jiiut of North Ainuiica may now 
be huiniiuuized ■vvitli Llic aid of the liloek diiip,iaras sliown in Fig 53 
Block A lepichcnls the ciiiliest stage wc know, when the rocks deep 
lu tile roots of a primeval mountain system liad been tolrlcd and 
icciyslallized to foim the Vislmu schist The siirfaeo leliet is purely 
syinboho and is witliout direct nTOle.nee, but the chui'iieter of the 
schists cleaily indicates that i\e arc dealing with the roots ul iiioun- 
tains The masses of lieddcd iiiuirtzilc that locally plunged down 
lihroiigh them weie once lioiizontiil liiycra of sand, they now betray 
vestiges of iiionntam folds otherwise obhteiated by the intense pios- 
siue and heat to which they were snlijcctcd while deep within the zone 
of how The giauitio intrusions weie piobahly fnimcrl at this time 
This intense deformation extended far beyond the Giancl Canyon re- 
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Block mountains form during Grand Canyon dislurbon 





I^ear peneplonofion brings the Pra-Combnan aras to a close 


___ X , X. 

subrrerger.ca marks oeginning of o nei erT ' ’ 
vieiv i-i noi th 4 drd?tud“u!'e ct "I 

The solid black shading m block B n '■'''l.wi'c of al.oii! Ii; niiicN 

Canyon ranges The gieal wedgo 

Mockla pictured m Tig 52 anyon fouimtiony iiotu Uio i (wi/l (jf 
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gion In honlh ('(‘ntinl AnzKiiui il, pMuluccd intense loldniR and imbn- 
rate tlnu^fint;, luasinipamed by inluisiou on a laifte scale 

For tlnii area llie ouij^eny has been minie<l llie Mazat-Ml revolution- 

Hdialevei llie nature and heif;lil of Llmse ancient luounlains, they 
weie eienlually woin dimii to a lemaikahly flat ]ieneplane (block _B) 
The reyoii Ihen l)eu;an slowly to 
Kiihside, [ii'obably as pail oi a Aast 
geosyneline Uial exiended iioilh- 
ward through hlonlaua (Fig 51 ), 
and the Clraiid ('aiiyoii di'posils be¬ 
gan to aeciiuiulale, Liver upon 
layei, inilil they had a thickness 
ol luoie Ilian 12 ,IKK) leel (block f) 

Dining depo-'ition Ukmc vas a rela- 
tnely shoit tune when I’oleanie. ac¬ 
tivity hioki' out 111 I he foim of 
hafeic. lava flows 

Eventiiallv the region vas up¬ 
lifted and, vilh hut sliglil folding, 
was hroken hy gieat, iioriiial laults 
that gave rise (o a svsleiii of block 
inountains iiiueli like those which 
now foini the Basin and Range 
province east of llie Sieii'a Nevada 
This episode of nioiinlaiii iiiaking 
has hcen named the (hntul Canyon 
(Ustuibanrc Of course, these 
hlocks sulfeied eiosioii as they rose, 
so that then height at any ]iaiticu- 
lai time can not be dcleiniined Pm 51 tIio Bultam gcosinclme, 
liowcvei, lemnants of a dozen or .iftei i'n aiui m A Pouicm ThedoUed 

linos milk tho infciiou limits of maiino 

•^0 great block.s are sLill ])reseivc(l, cleposiuon 
and their hounding faults aic 

clcaily evident, so that the size and orientation of the langcs can be 
plotted, and if wm luoject the dip of the beds in ])()iLions of the fault 
block,s still extant, the lostoicd edges leaeli elevations more than 2 
mile.s above their present sin face (block D) 

In time these niountiuiis weie destioyed and tho region was again 
almost penephiiied (block E) before the early Cambrian seas spicad 
ovei it to mark the beginning of a new eia (block F) 
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There aie, then, two profound unconfonnitica m this .section, each 
lepresenting an immenso lost mteival during which the entire region 
was slow’ly icduccd by erosion from bold iiioimtainous rebel to a 
pencplaiie It is piobablo that the hiatus above the Vishnu schist 
(bloclis A and B of Tig 53) repiesents as miieli time as all the ]io,st- 
Cambiian rocks together 

Body Mountain Region 

In western Montana, Idaho, and British Columbia, I’le-Oiinibiian 
foiiTiations are thick and widely exposed Here, as elsewlime in (lii> 
Eoeky Mountain icgion, they fall leadily into two groups .seiiaraled 
by a profound unconfomity, one representing Eaily and the olhei 
Late Pie-Cambnan time 


PHOTO BT HlUiVIAN, COOTTBSY OP GREAT NORIIII'IiN RAILWAY 

F>/, jj Thi "Gardtn Wall” omkohn^ btlerg Lah tn Glacm Nntimnl Paik 
Ths towsmg chjf exposes about 2000 jeef of the Styeh formation of the Belnan 
sertfs The Collenta bed ts formed of calcateous algx 
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Early Pre-Cambrian. The Early Pio-Cainbiian formations aic 
intenM'ly delomu'd and cniniiioidy arc stiougly mc'Lamoipluiscd They 
vary m clnuaclci honi an-a to area and may icpresent widely difter- 
ciiL iionod-^ ()l hnic Uidoilnnalcly thc'rc ih no adequate liasis for 
correlahu}!; Ilie nianv oiderop'-, beyond the fact that all aic oldei 
tlian a regional hialus id ^reat maf^iiilude Ah a result, only local 
formation oi l^ionp naines have been used lor tlicse Kaily Fio-Clainbrian 
locdvS 

The Beltian System. The Late Ibe-Canibiian locks of this rcp,ion 
Iona a nalnial nnd known as the li( Ilian siislcin, so named foi e\po- 
suies 111 (lie Lillle IRdt and Bia Ikdt Mountains east ol Helena, Mon¬ 
tana These aie sednneiitaiy lormalioiis sinulai to those ol the Giand 
Canyon system liuthei smith, and aie bidieved in have foimed in the 
same Kcosynchne (t'la hi) E\posuies aie scatteied over a belt some 
300 miles wide trom east to west, and sections ran^o m tlnekness from 
a inmnniiin ol aboiil 12,000 leel, m the east to mine than 35,000 feet 
111 the west I'Xci'plloiiallv line exposmes may be seen in Glaciei Na¬ 
tional Paik at the noilhwest coinei ol Montana, wbeic a thickness of 
25,,530 feet, has heen measured (Ein .55) 

This system is divisihle into a nuinhi'r ol appaiently conformable 
foiIllations, some of wliiidi an- id re<i,ional extent 

Where typically diweloiied in Little Bell, Mountains, cikIiI forma¬ 
tions are recognized, live of which aie .sh.des, tw'o limestones, and one 
fl.hc' loweiniost) a imxtuie ol sandstone and (]uarl/nle The shales arc 
111 part sandy, and f;eiu'iaUy aie so mduiated as to be called aip,il- 
htes The piedoinmaid, eoloi is u,ray, hot red shales some 1500 feet 
thick occui iieai the middle, and otheis appeal hifrhci up. The lime¬ 
stones are notable becansi* ol (hen exceptional thickness, the lowei 
one ineasuimti, ahmit 2000 feet and the upper 1000 feet These aie 
predonmiaiitly fi,iav m coloi and vary fiom Lhm- to thick-bedded and 
fiom illp,illaceons to pine 

As the system thickens tow aid the west, the limestone.s become 
more iinpine and eventually aie lepluced by shale and sandy .shale, 
till' cliK'l soiiice ol Ihese sediments llieielore obviously lay to the west 
of the ji,('o.syii(dine 

The fi,iay shales id Ihis lejiion eominonlv show' oseillation ripples, 
indicating!, deposition under .staiidinf> water; but some lioiizoiis, notably 
111 Llie It'd zones, display abundant mud cracks, proviiifi, that the mud 
flats weie at Limes exposed to the an long enough to diy up Cioss- 
lainmatioii in the more .sandy hods and othci evidences of shallow 
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deposition are common Reeflike deposits of calciueous algie aic 
locally conspicuous in the limestones and in some of the giay shales 
Eor the most pait the Beltian toimations Vv’eie cleaily dciuisited on 
the flooi of a shallow sea that occuined a broad geosyneliue, but the 
conspicuously iniicl-ci acked shales were probably furiucLl ovoi low 
floodplains during periods when the surface had been built up a little 
above sealevel. 

Ill Glacier National Park, basic lavas, locally niLcrbedded 'with the 
sedimentaiy stiata, are widely distributed and occur at several dil- 
ferent horizons ^ They display ainygdaloidal and pillow-lava struc¬ 
tures and other evidences that they weie contemiuu ancons flows on 
the sea floor Most of these are thin, only locally laiignig uji to flOO 
feet or more in thickness 

Cambrian stiata diiectly oveihe the Bcltmn in many places and 
generally appear to be parallel to the latter, as though no iiidilt oi 
disturbance had occuiicd in this region at tlie end of Prc-Cainbrinn 
time Regional study sliows, however, tliat the Cambium svsteni is 
transgressive on successive formations of the Beltian system, and m 



Pio 56 Idealized and restored section of the Beltian .svsten ,n Montana, slunv.i.B 

m “ (C The set lam inns fioiti Naiinio Hasin 

jn the Swtyi Range to the Big Snowy Mountains, a distance of 200 miles Tin* 

the honzontal In the Nannie Basin the thickness of tlici Bclliun locks 
befoip h!c 'T uneonfonnity is due to waiping, lOfrioiul iiidift, and Icimk oiosion 

befoie the start of Camhiuvn deposition R, Havalh ledheds, JV, NcivJ.md limoslnnc. 
il/, Missoula sandstone and tshale After Chailes F I}ei6s ' 


places (foi example, Ncihait in the Little Belt Mountains) rests di¬ 
rectly on the Eaily Pi e-Caitibrian metamoipines (Fig 50) It is 
therefore evident that befoie Cambrian time the Beltian system had 
been gently warped and uplifted to an amount that leachcrl scveial 
thousands of feet in some areas, and that the region was Uicni peiie- 
plancd before the beginning of Cambrian deposition This iijilift ,m,b- 

ably took p ace while the Grand Canyon distm banco was under ivay 
farther south 

Canadian Shield 


General Features, 
sivcly studied area of 


This IS at once the laigcst and tlic most mten- 
Pie-Cambiian rocks in the woild First to 
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attack it \\a,s Sn William Iaif!,an (Fi^ 57 ), who m 1842 mulcrtook 
to oiTani/c the ({eolo^ieul Siir\ey of C'anaila. iVlmoht at once he 
turned his atlcnlioii to the areas ol ancient locks along, the north 
hhoie of the (heat laike^-, inliiienied, no doulit, by iiimois of iiiincral 
wealth hiought hack hy eaily (‘\ploiers Suhseciuent discoveries of 
fahuloiis deposils of iron and coiipei and nickel and silvoi and y,old 
ha\e .stnnnlaled continuous exploiation and sliidy of these rocks for 
iiioK' than a hundred yeais F\en so, 
the legioii is so liuae and so eoinple\ 
in its }i,eoloji,v that it still ahounds ni 
unsolved jirolihnns 

A hiif^e pint ol the (wo million 
srpiarc inih's of (he ('anadi.iii Shield 
IS foiined ol niamte and gneiss (Figs 
58 , 5 !)); (he lest eon-i'-t'' (d iriegiilar 
and rehitnelv small patches ol sedi- 
ineiitary and lolcamc lornialions 
lesLing on giamte When fust stud¬ 
ied, (his gianile was supjiosed to he 
pint of the ‘‘ongnial ci'iist” of the 
once luolien Faith and to have lieeii 
(he floor upon which (he sedinieiilaiw 
and volcanic foiniations weie laid 
dow'ii; hut. ciitical stud.v later le- 
vcaled (hat in iiiaiiv places these' sin- 
faoe rocks weie intruded hv (he gran¬ 
ite (Figs fit), til!) and aie intensely metamoijihosed neai the contact 
Ohvionslv, 111 such jilaces the sediinentiuv and volcanic rocks aic leni- 
nants of iiioie widespiead foiinalions that once covered the region and 
formed a roof into which (he gianile was intruded Ahth the advance 
of legional study, it has hecome cleai that Hus relation is gcncial, 
so far as we now know, the oiiginal cinst has heen engulfed overy- 
wheic hy the rising magmas, or so coniiiletely re-liisc'd as to he uii- 
rccogni/aihle, and (he oldest sedimeiilaiy locks in the Shield "float like 
islands in a sea ol grande ” 

Granites, fl'his giamte m not tlu' jiroduct of one intrusion hut of 
many, disliihided o\ei an immense span of (line—jirohahly more Lhan 
100(1 million ye ais It is 11 comiilev of hatholiLhs, individually only 
tens or scoies of miles across, and it is [lo.ssihle that no vast subsurface 
mass w'as all fluid at once That there aie hathohths of widely dif- 



I'U. m Sii William rtiKiui (170S- 
lS7r)), liidiui ol l’u'-('iiiiibi mil (jooluKV 
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ferent ages, intruded one into another, is clearly sliowii by (1) local 
relations to the sedimentary formations described below (p 104J and 
(2) the ages determined by radioactive imncials For example, Icad- 
uranium ratios indicate that the gianitc about Fariy Sound, (hitauo, 
was intruded 780 million ycais ago, the age of that in Hahburtoii 
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Fig 58 Outcrop map of the southern part of the Canachan Shiolcl aurl adjiipoiit parts 
of the TJnitod States Adapted fiom the Geologic Map of Noitli AmciHii compiled by 
George W, Stose and published bj- the Geological Society of Amoiica, lOdb 

County, OntaiiQ, is 1050 million years, of that about Rice Lake in 
eastern Manitoba, 2000 million years 
Early Pre-Cambrian History Conelation of tlie scatlerccl aiciis 
of sedimentary and volcanic rocks in the Canadian Shield lU’escnl.s 
almost in&uppiable difficulties, some of which will disappear with 
moie field woik, wheicas others may never bo solved Mouiiwhile we 
shall examine only enough local details to illustralc the gcmei al 1ns- 
toiy of the region, avoiding, so far as possible, highly controversial 
problems For this purpose a simple subdivision into Early Ft e-Cam- 
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Ti? JS It!//hrn.iii .(jN’rir, Cnnrillt Ttiu'urliil>, Oudia The ilaik layers an 
rich III Iniinem 7 k [I'liatmi ill jit iM^ily to the right 


hruin, Midillo Pie-('iiiiilin<ni. anil Liilr Fir-Citiiilinan ^\lll bn iisoful 

Karly I’lc-CiLiiilni.iu loiiiiiilnni'' (miIkI black in TiS) .uc llic 
ni()''l, wiilclv il^liilmlcil, hul. Ilinv ncciii' in iclal.ivcly Miuill anil (>\- 
li'cnu'ly ninaulin iialcbi'" I’bnv lun connniinlv ma)p;inzi‘il ns hL'inf; 
Kiiiljl l’iv-('uiiibiliin oiiK bi'c.iu'-i' (liny aic incilapped willi pvofniiml 
nucimluimUv by viiuu^cr mcks ol iMiddlc m Laic I’lc-C'umliruiu iijie, 
and because (hey ace inleiiM'ly delocined and an a I'lile stiimf^ly inela- 
nuiiphnsed In Ibese le^pecls lliey cesenible llie Ibuly I’le-l’amlinaii 
(if the WesI/, and, like llie laller, proliably lepicseid, a ficeiit sjian of 
f!,(’(ilu|iic iiiiie 

(hie ol (he nicsi s|udu>d e\aniples is the Kccwiilin niai (A'ee- 
V'd'lin] ailing (he Canadian hindei west of Lake Supenoc Heie the 
Kcewiitin \c>ic\ i\as nanied (o inchide a cmnplcx id .ineient lava fliiivs 
and inteibedded sedinieidaiv locks (hat reach the nninesMvc thick¬ 
ness of 2(1,000 leel AUhoiif’h slioiif^ly defoiined and In a huge extent 
altered to gu'eiis(oiie scliis(s, niaiiy ol (he lavas are reengniraibly 
lunygdaliiidal, and (liey conimonly display jiillow-lavn sl.uu'iiirus; 
hence il, is dear dial lliey veiled up (|im'(ly and spread lo foiiii a 
layered deposil, like (lie nioderu C.oluinhia I’lateau of Oregon and 
Wahliinglon Locnlly Iheie weie explosive voleanoes, as at Miediipi- 
coten Bay, vlieie (he H'oieri luff is 1I|()U() feet thiek 

The (lows vere inlx'diedded in jihiees with scdinienls that accumu- 
liitccl duiing inleivals between eniiitinns These locally attain con- 
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siderable importance, as in the Vei'mihon Range of Minnesota, wlicie 
the upper lavas interfinger with the iron-bearing Soudan fonnalion, 
which IS about 1500 feet Lhicl!: 

In the Rainy Lakes district there is a eonipaiable mass of sedi¬ 
mentary rooks beneath the lavas Some geologists logard this as a 
distinct series older than the Keewatin, but it is now coniinoiily eon- 
sideied only a basal foiniation of that series 

The original extent of the Keewatin senes is highly pioblematieal 
Keewatin locks are recognized chiefly by the picdomiiiaiice of basic 
lava flows and by local striictuial relations Contcmpoiancons de¬ 
posits remote from the lava fields could not be identifierl by cither of 
these criteria 


The Keewatin aiea was the scene of two discoveries of far-reaching 
implications in Pie-Cambiian geology In 1883, when A C Lawson, 
just out of college, was sent to study this area, tlie lock now called 


giaintc was supposed to be part of the “original crust ” IjUU sou soon 
found that the “fundamental gneiss,” as it was called, actually in- 
tiudes the Keewatin senes and has inclusions of gicenstono tluit imist 
have foundered into a rising magma, and he diew tlic obvious, but 
then astonishing, conclusion that the gianite is younger (liaii the 
surface locks that lest upon iti 


The second discoveiy came with his study of the Knifa Laic .so ics | 
that occupies a numbei of synclinal basins in this aien and rests witli 
profound unconformity upon the Keewatin seiies (Fig GO). It con- 
.sists of seveial thousands of feet of slaty shales with a consjiicuous 
basal conglomerate In the latter, Lawson found boulders of the 
Laurentian gianite, that is, the granite which intrudes the Keewatin 
senes This, of couise, merely confirmed the structural evidence (hat 
the Knife Lake is much younger than the Keewatin series (since (he 
granite, being plutonic, could be exposed at the suiface only aftei 
profound erosion) But Lawson also found that granite is intrusive 
into the Knife Lake senes! Evidently, then, there are gianites of two 
ages heie, one much oldei and one youngei than the Knile Lake slate.s 
To the younger he gave the name Algoman 

The strong folding of the Knife Lake scries and the intrusion of 
Algoman granite affoid cleai evidence of huge-,scale orogeny m this 
area, and regional study indicates that it involved much of the s.mlh- 


t The name Seme River seues was used foi 
them as equivalent to the Huionian senes 
regard them as older than the Huionian 7 
monly used locally. 


these locks by Lavv.soii, wlio i(■■guided 
Canadian geologists now cointnonly 
The name Seme River is still coin- 
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cm pai-L (if the (’uiiiuhiui Sluclrl and was laiftcly responsible for the 
strnnfj; deforinalKin of (he Ivuly Pie-('anihiuin locks This important 
orogeny lias In'cn naiued tlu' Aliin»i(in ri'i’dlution It involved large 
legional niihll and was follo\\(>d hy a veiy long peiiod ol eiosion that 
cvenlnally resnlleil in peneiilanaiion of the C'anadian Shield, destroy¬ 
ing most of (he iii(‘viou''ly loiiiied sednueidaiy lecoid and leaving 
only (lie dee]i!y (low nioldetl synelinal liasiiis isohil.ed niuch as they 
are (oday (black areas ni Kig Rsi 'Plus gieal, luatiis loiins (die bouiid- 
ary betwci'ii Marly and Middle Ih-e-tIambilaii (mu', that is, between 
the ArclicoKoic and Proterozoic eras in this legion 



Till (lO T(l(‘(ilizi'(l M'lliciil Mci'liori MhiiwiiiK sliiicliiiiil K'lalions of tlu' T.imirntian and 
AlKOiiiim niiiMili'M Id llic KcduiiOii mil (lie Kiufii I, like ( -- Semi' lOvei) msteiiiH Nolo 
Uml, llid Im-iil 1 iiiicliiiiH'Oilc of llic Knifi' I 'iKc sniU'ih iiicliuli's iipbliles of lliu Limiontiiin 
Kiaiiilc, anil llitl it is ml In (hr Mi'iiiniui )’lamti‘ 

Miuli 111 the isnlaled aieas of Marly Pie-Ckunbiian locks (I)lack 
areas in Mig fiSI has a lliiek sediinenlary leeoiil eoinpiuable to that 
of the Kei'watni aiea, and iii most of these, basic lavas aie assoonitod 
w'llli (die sedinienls In each, (he (hiekne.ss of sedimeiil.s is impres¬ 
sive, the jiiedominanl. rmdvs aie giaywaekes (lliat is, poorly sniied 
and meoniplelely weatiiertsl seduuenls ol daik oolorl , congloineiatcs 
aic eoiispieiions and eoinmoidy (Inek, pine, well-soitcd sands and cal- 
caicoiis loekh are almost lacking Much deposits appear to have 
accumulated lapidly and lelatnely iieai then source They are, in 
shoit, tyjiieal geosyiiclmal d(‘])osi(s, and the reason that limestone, 
shale, and clean sandstones are so laio, and that the RodmieiiLary 
reciiid is so miieh alike in all tlii'sc au'a.s, i.s probably that only the 
(lee])es(, geosyiielinal roimnuils escaped (ho ])ost-Algoman erosion ‘ 

In the Keewiilin aroa.s (wo dislmct periods of Marly Pre-C!ainlirian 
hislory are eeilaiiily reineseided, Init it is not jiossihle to detorinine 
w'heldier eonipamldi' seiii'.s of foimatioiiH m ol.hev, isolateil areas cor¬ 
relate with tlie K('ewiitiii or the Knife Lake senes, or wheldicr several 
dilfcrent jieiiods aio icjnescuied For this icason, local series names 
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are used in each area A good example is the Timiakaming senes, 
some 20,000 lect thick, -which occupies a relatively laige area between 
Lake Huron and Janies Bay Some geologists believe that many of 
the aieas of Early Pre-Cainbrian rocks aie contemporaneous with 
these, and that they together constitute a Tunislaming system lying 
between the Kceuatin and the Huroiiian, hut othcis seiiously doubt 
that such coiielations are yet feasible 



C TV Kmuht, Onlfirio Bureau of ATinef 


Fig 61 Gowganda fcillitc noai tho baso of tho Cobalt senes at Drummond mine, near 
Cobalt, Ontaiio The laige bouldei at tho light above is 30 mclios in diameter 

Middle Pre-Cambrian, The Hivioman System Along the north 
shore of Lake Huron is a large area of nearly hoiizontal sedimentary 
locks, far youngei and generally less defoimcd than those described 
above, and haring a thickness of about 12,000 feet Logan called 
these the Hw onian system 

Rocks of tins system stretch array to the northeast in ncaily con¬ 
tinuous exposures as far as the Timiskaming aiea, and also crop out 
extensively both noithwest and south of Lake Supenoi (Fig 58) They 
are cleaily the deposits of a geosynchne that foimcd across the Great 
Lakes region alter the long post-AIgoman erosion had reduced it to a 
perfect peneplane 
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As now uiuluistoocl, the nuroniiui syhtein includes 15,000 to 20,000 
feet of beds and is divisdile into three senes Tii its type aieii only 
the Lower and Middle JIuioinan uie piescnt, the Uiipci npiiciiiing in 
the Lake Supoiioi legioii 

North of Lake Iliiion the system eonsisln hugely of coarse detrital 
scdiineuts—quart Kites and conglonieiates, chielly—with only lessei 
amounts of giayyaike and only a tew lunls of huiestoue Tn the Lake 
Supciior region it is geiieially 
finer of gram, iiuduiles imicli 
dark shale, and at seieral dif¬ 
ferent hoi iznns cariies the IksIs 
of chcity lion carbonate and 
iron silicate from wlindi tlu' 
enoiinonsly important non ores 
of this region Inne been 
foimcd 

The black slaty shales so 
common in the Umouian of tlie 
Lake fsiipeiior legion o\\(' their 
coloi to disseminated caihoii, 
the icsiriuc of buiied oigaiiie 
mattci Since no lecoguiKable 
fossils have been loiiiid in llu' 
shales, the oiganisms were 
probably iiiinute and solt-hodieil, hut the reiy largi' iimoiinl, of eaiimii 
lepi'cscnted can mean only that lite of a low oidei vas alninilaiit 

Glacial Depo.siL J’aiticulai mteiest attacties to the (lowganda 
tillitc (Fig Gl), widely distiihiited at tlie iiase of the INliddh' lliiioman, 
winch IS clearly a glacial deimsit, including stiiated and laceled 
boiildeis as much as It) leet ados', (Fig 02) In two places a grooved 
and stnated glacial floor has been diseiueied beiidilh it Palelu's 
of the tillite, locally as much as 500 oi (Kit) feet thick, have bi'cn iden¬ 
tified ovei an aiea neaily 10t)t) miles lioiu vi'st to east, indicating a 
continental icc caji id large ])iopoitious ovei at, least thi‘ soulhein jiail 
of the Canadian Shield during Middle Iliiiomaii tiiiie" 

The Grenville iSrnes In his eaily work in the region hetAvi'cn 
Montreal and Ottawa, Tjogan leeogmzial a gieal. complex of giunssic 
rocks associated with masses ol mtensely inelaniorpliosed sediments, 
largely limestones For this eomiih'x, which he eonsideied ohiei than 
the Iluionian, he ns«l the naiiu- “Lauienlian senes” (aflei the Lauieii- 
tide Mountains along the north side of the St Tjawrence Valley) 



OnUirKt flfuv mn 
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Within this complex he distinguished a large and very thick belt of 
limestone striking aciuss Gienvillc County, and this ho icferrcd to as 
the “limestone of Grenville ” In latci wotk in this piovinec the name 
Lawentian came to be icstiicted to the gi'anitmcl and giieissie locks, 
and the term Grenville senes was used to include the mctaniorphosod 
sedimentary rock 

The Gicnville series has extensile outcrops in Gicnville Countv, 
Quebec, and cxloiids into the Adirondack icgion ot New York Scat¬ 
tered remnants indicate that it once covered an area ot inoi e than 
100,000 squaie miles, and ovci most of this area it is nioie than halt 
limcstnne In a nearly continiious exposure along the Hastings load 
m Hastings County it was estimated to have a thickness of 94,000 
feet, but latei work has indicated that the beds are isoclinally folded 
and the actual thickness may not exceed 10,000 foot Even so, the 
Giencille seues is one of the largest masses of limestone ni llie wlinlo 


GEOLOGICAL BUEVE\ OP LANAOA 

Fig 53 Oumpled Ciiiivillt Imtstoai (light) with mjectionc oj Lauimttan gnmi 
(daik laycis) Fiescott County, Ontaito The heak in the beds men the left mci\- 
gm t! due to faulting 
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Pic-Cambrifin record, and .sl.ands in niiirked coniruHt to the other 
sedimentary rocks of (lie Chiniidian Sliudd, winch are iihnost exclu¬ 
sively detiiLal To lie suri', (die (iri'inille also con(ains considerahle 
detrital inalenal; in (he Thousand Islands ii'anm alonn (he nordi 
edge of (he Adnoiidacks it apiieais as (hick niass(>s of cioss-liedded 
pure quaidzite 

The htiucluic iH e\(i'eniely coiiiiilex (hronghoid the flieiiMlle area 
The hods dip slceplv into svneliiial basins ludwei'ii giaiide badiolidis 
that aie intiusivc and in places show an iiiliiiiale iii]ec(ioii belweini 
beds of linicsloiie {Eu; (id) In iilaces also (lieie is dear eMdciiec 
that large masses ol (he (lren\ille lonndered and weie eiigiilled in 
the graiiiLe niagiiia The liinestoiie is now laigelv alleied to iiiaibU' 
and the dctiilal beds to schis(s The lader include iiiiich iiiieibedded 
graphite On the west side of Laki' fieorge, lor exaiiiplc, graphite 
beds ranging fioin 3 (o 13 leet (link have been itinied a( Ifagiie, New 
Yoik 

The ago of Ihc' ClieiiMlh' senes and ils relalion (o oilier groipis ol 
sedimcntaiy locks in (he Sliicld aie .d jiicsi'id iiioo( (lucslious 'Phis 
seiics wais long suii[ioscd lo be I'laily Pre-C'ainbiian and luobablv 
contcinpouuicous wiili dic' Keewalni, Iben ihiriiig llie decade alien 
1925 it W'lis siisiK'cled lo be a slionglv nielainorpliosed eiiiinaleiil ol 
the Huroiiian syslem. Siiiee (ben (be leiid-uiMiiiiini ialios lane been 
dctciimned fm ladioaclive niineials in (he graniles Ib.il are inlriisue 
into the fii'cnville locks, and (bey indicalc ages laiiging Iroiii 9S5 to 
1195 niillion years It now’' aiijunirs jirobable dial, the original con¬ 
ception was concct and Unit (be (beiivilh’ rocks belong to the Archcei- 
zoic era ^ 

Late Pre-Cambnan KcjrcoiKnrdii Ldviiff tind h’rdhcih Aflin 
Hinonian deposition, Ihc flicat liakcs icgion wnis gciilly uplillcd, wntli 
more or less warping but lidle folding Afli'r an inlcrval ol ciosion, 
fissure eruptions began on a giand scale, and flinv aftei flow" ol basic 
lava welled out, building nj) an e\(eiisive basaK- plateau like Unit ol 
Kcewatin time The sin faces of successive flow's an' slid rough and 
slaggy, and much of the lava, origiiiallv highly vesicular, is now 
amygdaloiclal The total v'olunio of Ihesc Kcw'ecinuvan lavas ahoul 
Lake Snpciior has been csliniaied at 2 I,()()() cnlnc indcs Dm mg this 
time there woie also colossal ininisions of hasic, magma in (he forni 
of sills, such as that wdiich hcais (he nickel oies at Sudburv and Unit 
of the Duluth gahbro imdeilying iimch ol Lake Supeiioi 

The lavas arc interbedded with, and succei'ded by, u'd sandslones 
and shales which icach an aggiogate thickness of 15,000 feet or niorc 
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These beds include conglomerates, sandstones, and shales, much of 
which icprescnts the matciial eroded horn the lough lava surfaces and 
deposited rapidly ovei the lowlands of a barien landscape The sedi¬ 
ments were also paitly deiived fiom the oldei giamtcs, and in places 
they contain led jasper pebbles obviously derived flora the Huionian 
non formations Thcic is no evidence of maime deposition, on the 
contrary, the oxidized condition of the icd sediments, like the cross- 

bedding of the sandstones and 
the extensive mud cracking of 
the shales, implies deposition on 
alluvial plains undci seasonal 
rainfall 

The system is named for Ke- 
wmenaw Peninsula on the south¬ 
ern shoie of Lake Siipeiior, 
whole the amygdaloidal lavas 
and some of the intcibedded 
conglomerates yield rich depos¬ 
its of metallic copper 

The thickness of the Keweena- 
wan system vanes greatly, but 
in noithcin Michigan and Wis¬ 
consin may leach 50,000 feet, much more than half of which is made 
of lava flows 

Late Pre-Cambrian Orogeny. At least three great ranges of fold 
mountains w'eie formed in the Canadian Shield during the latter part 
of Pre-Cainbi lan time (Fig 64) ® One of these, the Penokean Range, 
ran nearly east-west thiough the center of what is now the Great 
Lakes legion It is recorded by folds in the Pluronian and Kcwccna- 
waii rocks of Wisconsin, noithein Michigan, and the north shore of 
Lake Huion and Georgian Bay The width of the folded belt was at 
least 100 miles, it had a known length of 700 miles and probably 
extended still faither, since the folds show no decieasc in intensity 
at either end of the exposed bell The folds die out a short distance 
north of Lake Huron It was this movement that folded the Pluronian 
formations in the Iron Ranges of Wisconsin and Michigan, and the 
oiogeny was named foi the Penokee iron district (p 115) 

The Belcher Range ran ncaily north-south along the eastern side 
of Pludson Bay, and in this legion the Late Pre-Cambiian rocks are 
closely folded The Labmdor Range ran northwest-southeast across 
the heart of Ungava Peninsula 



Pm 04 Sketcli ma,p sho-iving the distii- 
bution of Lata Pia-Cambiian mountains m 
tlie Canddiiin Sluold After E S Mooio 
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Thcie ih still luu'oitiinily iih to the' ovict Lime of this defonnation 
In the Lake Supeiioi lef^ioii tlune wu'- loeal ileloimalion alter Laily 
Huronuin, afiaiii rltei hliddle Huioiuaii, ami yet ai;ain altm Late 
Huroniaii deposition, and Iinally the udiie Ke\M'ena\\an system was 
involved in the deloimaiion tluit cieated the Lake Sniieiioi stmelural 
basin In eomieetion vith the po'-t-Keweenawan movenumi i;iaiii(es 
wcic mtiuded aloiifi, the axis ol tlie I’enokean ian[;e (in soiUheni 
Minnesota, eential Wisemism, and nmtheast ol Ijake llmoii) 'riiese 
granites have been uUud.died as ol Keweimavian age “'I'he ]nmeipal 
folding of the IT|)pei lluronian, as well as ol the Middle and Lowei 
Hui'onian, dales Iroin this peiiod 


Ri'iCAPiTriATiON AM) [mMU'UK rvnoN Ol 'inn Ilnroun 

Loss of the “Original Crust” 11 would he a m.itlei of gieat 
interest il w'e eoiild discoim beneath (he ohle^t seilimi'iils some poi- 
tuiiis of the oiiginal sui lace ol (he Hait.h, loi (hev migld ie\eal eiili- 
oal ovulence heaimg on the Laillds oiigin and might '•how whelhei 
it laid been niolteii In (lie i egioiis thus lai s| iidmd, how i \ u , w e have 
seen no certain evidence ol such luiinal locks 
Colossal Igneous Activity l( sliis (he imagmalum (o eonteiu- 
plate the 2,000,000 scpiaie miles ol giaiiile gnei'-s lhal lloois Ihc' 
Canadian Shield, and to lealizi' lhal it all came inlo place as fluid 
magma, which congealed beneath a eovei ol oldei nicks now long since 
removed by ciosmii ddm lelaiively small aieas ol sedmuntaiy lor- 
matioiis that lie inlolded among tliese lialliohihs, as lenmanls ol (hen 
foimci cover, convey the impression (It.d duiing (hese piimeval cias 
the cuist ot the Liiith was lepeacedlv hiokeii ami hugely eugull('<l in 
upwellings of inollen mateiial tlud, dw.irl all p(is(-('amhiian igneous 
activity 

Of comsc, the inlnisions were dislrihuh'd ovei an mmiensidv^ long 
period of time, and inohahly no vast suhsui lace aiea was all fluid at 
once, for the indn'idual lialholdhs aie only lens or scoies of miles 
acioss Moieoyei, we are im])iess(‘d by Ihi' exicnl ol (he gianitie 
locks because juofound eiosion has sliippeil Ihe balholillis ol Iheir 
roofs and laid ban- hoiizoiis (hat wen' once seveial miles behwv tJie 
suiface. Nevei theless, the regional exIi-uL ol Ihe folding and re- 
ciystallization of the oltl surlace loimalions, and Ihe vast slrcldu's of 
granitic rocks, testily to (he widi' extent td Ihe eaily igneous activily 
Great Diastrophism and Erosion In each of the legions studied, 
two featuies of the lecoid stand in antithesis one to the other Cheat 
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sequences of conformable beds mark periods of quiet when the region 
for long ages subsided slowly as it received its sheets of bedded sedi¬ 
ments In some cases there aie reasons to behove these sediments 
to be parts of great deltas oi extensive floodplains, but in other in¬ 
stances the deposition was in shallow inland seas like Pludson Bay oi 
the Baltic 

In contrast to these evidences of quiet and long-continued accumu¬ 
lation aie gieat unoonfoiinities that imply periods of crustal uniest, 
mountain making, uplift, and destruction It is clear, then, that long 
inteivals of quiet have alternated with times of diastiophic change 
In the Grand Canyon there aic tuo profound unconlorinities In 
the Lake Superior region theie weie at least thiee episodes ol regional 
diastiophisin and granitic intrusion, one following the Kcewatm depo¬ 
sition, a much gi cater one (Algoman) succeeding the Eaily Pre-Cam- 
bnan, and the last (Penokcan) coming late in the cia The sec¬ 
ond of these resulted in the stiong folding of the Eatly Pic-Cam- 
brian formations ovei a vast aiea along the suuthein pait of the 
Canadian Shield, even iii places which have escaped all subsequent 
deformation It appears to have been the most widcspicad icvolution 
expeiienccd by the Shield and to have been followed by one of the 
longest intervals of erosion known auywlieie The Penolccan dis- 
tuibance, which came late in the Prc-Cambrian in this region, has 
already been described It was followed by another of the gieat 
periods ol erosion, one that is lecognized m many parts oi the woilcl 
as the great break separating the rocks of Cambrian and later times 
from all that existed before 

Thus it is evident in all the areas of these ancient locks that wc have 
a far from complete recoid of Pie-Cambrian time 

Classification and Correlation of the Pre-Cambrian Rocks. In a 
single section like that of the Grand Canyon or the Belt Mountains, 
wheie diffeient systems of rocks aie actually superposed, it is not 
difficult to determine at least the right order of the sequence But 
when we attempt to compare the Giand Canyon recoid with that of 
the Great Lakes or other distant areas, and to correlate formations 
and unconformities and episodes of igneous activity, grave difficulties 
stand in the way If we wished to compaic exposures a few miles 
apart, as m opposite walls of the Giand Canyon, we could lecognize 
the same formation by (1) its lithologic appearance, (2) its position 
in a similai sequence of formations in the two exposures, (3) its rela¬ 
tion to a regional unconfoimity oi to intrusive igneous rocks, or (4) 
its degree of metamorphism 
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These criteria can lie applied with deercaMiin eeiianity over wider 
gaps many ludes aero'-'-, but ulieii wo aiteinpl. (u eori'clale re<>;i<ins 
hundicds of miles apart, they are all uiiieliable Hock ioimatums 
change their cluuacters greatly over such distances, sainlsloius giving 
way to shales oi Imieslones, and \i(e reisa h;\en eonlmental led- 
beds grade lateially into inaiiiK' limestones, m some instances within 
a score of miles Hence we oiii not, eoiiidate the led lonnalions id 
the Grand Canyon .system with those ol the Keweenauaii meiely be¬ 
cause they look alike Moreovei, niomilam making is legional or 
local, and in consequence eipiivaleiit lorniations will be greatly dis¬ 
turbed in an orogeme belt ami unaltered m a neutral aiea Thus, I'm 
example, all the Paleozoic roeks are folded and in iilaees s|i,nnrly 
mashed in the Apiialaehian IMoimlains, llumgh they he iieaily Imu- 
zontal in the Alleglieny Plateau shoitly to the west id the dislmhed 
bolt lionec the strueimal lelalioiis ean not be tiusted as a pioot ol 
equivalence over greal gaiis 

On the other hand, legional metauioipliism, and legimial iimmi- 
foiniiLics that aie planed down to plutome roidcs, seiM' as a basis ol 
ooirclation over gieater aimis, smei' llii'y an' not local phenomena 

The giente&L promise loi the eoiieet inleriegmiial cm relalmils ol 
these ancient, iinfossiliferoiis fornialions lies m the study id then radio- 
aotiye minerals This type of invi'stigalion is as yet indy hegnn, !ml 
its results aic already of the highest ndeiest, not alone heeaiisc' they 
have indicated a gieat age lor some ol the Pre-Caiiibi lan roeks, hut, 
even more bceaiisc, wdien the duration ol the Pie-Camln lan eias is 
more surely known than at present, we shall he alih' to fit, 111(0 its 
propel place any formation whose age is thus deteimined, legardless 
of its appearance or location 

Divisions o£ Pre-Cambrian Time. The sidieuie of elassificatioii 
now most widely used iccognizes two Prc-Camhi lan eras, the' Airhco- 
zoic and the Pioieiosoic When this siibilnision eanie into vogue, it 
was generally believed that these wcie separated by a general and 
piofound imconfoiraity, and that the Archooznie loeks w'orc ('sseiitially 
Igneous and largely in the form ol gneisses and sehisis, whereas the 
Piotciozoic wcie funned largely of sedimentary stiaia, more or less 
deformed and metainoipliosed lluwovei, modem studies aimmd the 
Great Lakes have shown that the oldest systems then' exposed meliide 
gicat masses of sednnentary roeks and the youngest Pie-Cambiiaii 
embiaces extensive gianiLic batlioliths, not to nicntioii the Keweena- 
wan lavas 
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Furthermore, the actual dating of various Pic-Cambnan foimations 
of the world by means of then ladioactive inincials has shown that 
there aie at least seven times of gieat orogeny and gianitic intrusions 
m the Pie-Cainbrian“ Yet only thiee or lour of these have been 
recognized in any one continent This alone suggests that our schcinc 
IS too simple and that the attempt to put all Pre-Canibrian foimations 
into Aichcozoic and Proteiozoic is likely to be misleading The tenta¬ 
tive correlation which follows may, however, be usclul as an attempt 
at the summation of our present understanding, but it is not to be 
considcied final Wavy lines aie used to emphasize unconforinable 
contacts 
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Minehal Wealth 

The Pic-Cambiian rocks of the Canadian Shield have yielded iron, 
copper, nickel, silvei, and gold beyond the dieams of Midas The iron 
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IS the sole hcdiiiiciiliuy the othei uieliils oeeuiriiiff ni iissoeia- 

tioii with the igiieoih lucks 'I'lic exiiluitiitimi ul these iuulalh( ri( hes 
has played no snuill pail, in Ihe infliisUiul develupinent ut linlli tlie 
United Stales and (hinada 

Iron. Far many ymus, aiipuiMinalely Sh ]iei eeiil nt the min pm- 
duord annually iii Ihe Uniled States has emne Imiu the I’le-t'ainhiiau 
looks of the Lake Snpeiim' dislnet (Fin hd) In Ihe piewar ve.ir 
1939 the (iiitpul, hum Ihis aie.i anumnled (u tr),ll(K),IH)0 Ions mid was 
valued at $13r),()()l),001). It, rose In an all-lime hiu,h id' 1)1,Hill),01)0 lims 
in 1943 and Avas stdl nearly Ta,ODD,1)00 Inns ni 101") 

Thu pnnhif'tiim is (diielly liiiiu the Middle llinonuiii loidcs,' (hoiif,h 
some live is uiiiieil also luiin Ihi' Lowei Uiiiiinian and, in llie I'ei- 
mihon Ilanfie, fuiin Ihe Keewiitm roeks The lanjies uie moie oi less 
lineal bells of outomp of Ihe dipinii!; and lolded non-ore foniialioiis 
That of Mcsahi, nlncli lundnees twiee as nmeh as all the iilliem to¬ 
gether, AVill boi'vo for illuhliuliou (Fig (Wi) ft is pmt ol Ihe Fliddle 


l'!l dj Moth! of thi I ,iLt apm the ili\!i ihiitioii oj the ihiej turn 

Vhotn »/ the imlel ti\til by imimtum itf the Ditu/m, U \ (itol^uitl 

Sm vey 
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Huronian series, which dips gently southeast The iron foimation 
consisted oiiginally of cheity iron carbonate and gieenalilG (an non 
silicate) This piimary ore is not used, however, paiLly because it is 
only about 25 per cent iron, and paitly because the silicate is too 
refractory to smelt During the weathering of the ouLcuop in Pie- 
Cambrian time, however, the calcite and silioa wcie paitly caiiicd 
away in solution, and the non was oxidized and conccntiatcd by 
descending solutions into large ore bodies that will yield o\nr 50 poi 
cent of iron The rich ore bodies be at the surface in the hlesabi 
Range and aie mined by steam shovels m enormous open cuts (Fig 
67) In the Gogebic Range of Michigan, whei e similai n on formations 




Fia GC Block diagram shomng a hoction across the Mcsabi llangc at Ilihbiiig, Minne¬ 
sota Length of section about 4)4 miles Adapted from Van Hise and Leith, U R Gco- 
logioal Survey 

are moie strongly folded, the enuchment followed more dcTinitc con¬ 
duits and reached to depths of about 3000 feet bedow the ]U'cscut sui - 
face, so that underground mining is neccssaiy 
It IS remaikable that some of the gicatest iron mines of Euiopc 
arc also in the Late Pre-Cambrian locks (at Kiruna, Sweden), and 
that anothei of the gicatest known iron deposits is in the Pic-Cani- 
biian locks of Brazil (Minas Geracs) 

Copper. Native copper occurs in the lavas and conglomciates of 
Keweenaw Peninsula and was known and woiked by the Indians long 
before the advent of white men It forms amygdules m the scoiiaceous 
lavas and not only serves as a cement between the pebbles in the con¬ 
glomerate but also has paitly replaced the pebbles themselves As the 
coppci IS concentiatcd in certain beds and the senes dips steeply to 
the noithwest, the producing aiea is a belt only 3 to 6 miles wide, 
running foi about 70 miles along the axis of tlic peninsula The 
famous Calumet and Hecla mine is located on tins lielt At ils peak 
of pioduction in 1916 this region alone produced 135,000 tons ot coii- 
pei, valued at $66,300,000 The yield had declined to 30,400 tons in 
1945, but the grand total for the hundred years, 1845—1945, was uvoi 
4,800,000 tons, slightly moie than one-seventh of the total production 
of the entire United States 
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Nickel. Ovei 70 per cent of the world’s mrkol is now secured from 
the mining distiirt of Sudbuiy, Ontario, \ihcic a gieat sill of gabbro, 
piosiinuibly oi Keviconuwan age, has a hoidci of nickcl-eo]ipci oie 
The pioductioii fium this .siiiall area increased ll'om about d0,()00 
tons ol nickel in Iblbl to iiioie than 10.5,000 tons in 1938, it iciu'lieil a 
peak ol 130,042 toiLS m 19-13 and diopped hack hi about 110,000 tons 
in 19-15 

Sliver. Silvci is found in many localities in the .siinlliciii pait n[ Ihe 
Caiijiilian Rlucld, genciiilly m veins associalod with hasir inlnisircs 
of Kenceiiiiwaii ago In Minic phircs the veins ocenv in Kecviiitin m 
Timiskamiiig uiek.s and m iithcis in Ihe Uppei Huumian, bill ni all, 
the mincvalization is closely icstiicicd to llie viciiuly oi Ibc youngei 
inliusiveh, winch were Ihe "oie-hiingeis ” 

At pipscnt the gioatest inodiietion is fioiii a siiiiill men (aliiiul 0 
sqiuiie niiles) aiounrl Gohalt, Onlaim, vilieie native silver oi'ciiis in 
veins associalod with a gicat .sill ol doleiite (Fig OHl Tlie liclinuss 
of some ol these veins is iihcnoincn.il, viclds ol 7000 ounies ol sihcr 
per Ion of me being leeoided A luinihei of lesset silvei camps of 
siniilai' naliiie lue loiind vvilhin a radins of 7,5 miles wcsl ol Ijiike 
Timibkiuiimg Port Artlini, on the nmtliuesl slioie of Lake Hiipenoi, 


L P OAUAOHUB, 

Pl^ 67 Ojien-cttt mme m tht Mesabt Kanff, Mtnmata 


i 
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IS another silvci camp where both the Upper Huronian and the 
Keewatin rocks have been intiuded by Kewccnawan magmas 

Gold. There aie likewise many occurrences of gold in the southern 
part of the Canadian Shield The most spectacular production has 
been about Porcupine, a locality nearly 100 miles northwest of Lake 
Tiimskaining Although not discovered until 1912, it soon became 
one of the gieatest gold camps in the world, and in the twelve years 

up to 1924 produced ovci $135,- 
000,000 woith of gold Its total 
output to 1947 has been neaily 
20,000,000 ounces The Ilol- 
lingcr mine is the chiet pro¬ 
ducer of the aica and one of 
the iichcst gold mines known 
In 1938 its production of gold 
and silvei together was valued 
at $15,000,000 

In the Poicupmc distiict the 
gold occurs chiefly in the me¬ 
tallic foiin and in veins asso¬ 
ciated with granitic intiusions 
(syenite poiphyiy) in the Kee- 
Avalin lavas and Tiniislcaraing 
sedimcntaiies As these oie- 
bringing intrusives are uncon- 
formably overlain by Middle 
Huioman stiata, they are con¬ 
sidered to be genetically re¬ 
lated to the Algoman granite In recent years the Kirkland Lake dis¬ 
tiict has suipassed the Porcupine These and other districts in the 
Canadian Shield have made Canada foige ahead in gold production 
to third lank among the countiies of the world The leading country 
in the production of gold is the Union of South Africa, and there also 
the metal comes from Pre-Cambiian rocks 
Since all these valuable metals—gold, silver, copper, nickel, and 
cobalt—are in veins associated with intrusives, it is clear that the 
great igneous activity of Pre-Cainbrian time m this region has a veiy 
diicct human and economic interest In the single piewar year of 1938 
these deposits in Canada yielded about $250,000,000 in mineial wealth 
After the close of the Keweenawan epoch no impoitant ore deposits, 
so far as is known, weie foimed within or near the Canadian Shield 



Arthur A Cole 


Fig G8 Silvoi vein afc Keir Lalte mme, 
Cobalt., Ontario Tho vein was oxpobed at 
tlie fiihoie of a lake that lias since been, dtnined 
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The upsuigcs of magma duimg tln,s vubl Late Pre-Camlinan uinvell- 
mg “seem to have exhausted the trcabiue-huuse” (ColemanJ 

Radium. One ol the gicatc&t known .souices of ladiuni wa.s dis¬ 
covered m 1930 at La Brno Point on Cheat Bear fjake, noithwe.sL 
Canada, wheie iiiLchblonde ores yield silver, niamum, and ladiuin 
In 1937 this dciio.sit yielded $850,000 w'oilh of silvei- and ladiiim, and 
a vast leseivc i.s now' blocked out It is one ot Ihe woild’s iieh sources 
of uianiiim foi subatomic energy The ore oeciiis in delonned sedi¬ 
mentary and volcanic rocks that have been intruded by I’le-Cambrian 
granite. 

PrE-CaMBUIAN Itocic.s OF OllIEIl CONTINEN'IS 

Scandinavia. Much of Scandinavia is made up of Prc-Cambriaii 
formations, which have long been the subject of study After a hte 
devoted to the inter]iretation of these rocks, .Sederhobn, the distm- 
guisliod geologist of Finland, concludes that at least loui gieat cycles 
of Pie-Cambiian sedimentation occinied m these noiLliein lands ol 
the Baltic Shield, and that each of them w'as sejiaiat.ed lioni the nc'\t 
by a poiiod of mountain fohlmg and a long intcMval ol eiosion 

Australia. Prc-Camlii'ian locks form the sin lace of neai ly onc-tlmd 
of the continent of Austialui, chiefly m the cential and western jiarls 
(Fig 50), where tlicy leach a yast thiekness and riyal m comiih'Mty 
those of the Canadian Shield They fall into thiee widl-defined 
gioups, each scpaiated from the next by a laolound unconformity 
The low'est forms o “basal complex” of gneisses and scbists associated 
with much-altcicd scdmicuts and laya flows The second is similai 
in complexity but has a basal conglomerate with bouldeis of the oldei 
locks, and is sepaiatcd fioin the latter by a regional uneonforniity 
The youngest group of the Pie-Cambiian rocks in Aiistiaha com- 
piiscs a vciy thick confoimable sequence ol .strata with inteibedded 
tillitc It W'as separated from the oldei systems by a iioriod of inten¬ 
sive oiogcny and granitic intiiisions on a vast scale This igneous 
actiyity pioduced the iihcnoincnal gold deposits of Kalgoorlie and the 
rich lead and silyer ores of Bioken Hill In lact, iL w'as the most 
important oie-foiming epoch in all the hist,my of Aiistialia 

The Late Prc-Cambiian system is so nineli less defoimed than the 
locks below that it was long thought to be a jiai t ol the flambi ian “It 
was pcihaps the most extensive and, in some lesiieets, is llie most inter¬ 
esting sedimentary foimation in the w'hole of Austialia It now covcis 
an aiea of about 310,000 squaic miles, and the sea in which it wa.s de¬ 
posited formerly covered fully half the entire area of Austialia”^'' 
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In New South Wales, wheie this system has a thickness of probably 
13,000 feet, it includes at least thiee hoiizons of intcibeddcd tillitc, of 
which the gieatcst, the StuHian tillite, is locally 600 feet thick 
Africa. A large part of the continent of Africa south of the Sahara 
IS formed of Pre-Cambiian rocks (Fig 50), and, although not fully 
studied, they e-vidently compare -well m thickness and complexity 
with those of Australia and Noith America Hcie, as clscwhcie, the 
ancient complex includes thick systems of sedimentaiy rocks and 



Fig 69 Map showiiift the distiibutioii of Pio-Canibijuii glaciation {coarsely stippled 
areas') Base map by couitesy of tho Ameiican Museum of Natural Ilialory 


volcamcs which have been defoimecl and intiudcd by vast gianitic 
batholiths Here also rich deirosits of precious metals w’cre a by- 
]3roduct of the igneous activity The most phenomenal of the Afri¬ 
can deposits are the gold-beaiing conglomci ates of the Witwatersrand 
111 the Transvaal, which up to 1930 had yielded over S.5,000,000,000 
worth of the metal Between 1940 and 1945, the Witwatersrand 
reached a peak pi eduction of moie than 14 million ounces in a single 
year, valued at over $500,000,000 This is approximately half the 
world production 

Cmmites 

In locks so old and so geiieially devoid of fossils there is little to 
indicate what the noimal climates of the Pie-Cambiian actually were 
The thick limestones were probably deposited in lather warm seas, 
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and the iimd-mickcd ledbodb clcaily imply marked seasonal rainfall 
Most of the other loimations, howcvei, aic equivocal m the light of 
our present uudei standing 

The most reiuaikable and diiect evidence of Pie-Canibrian (dimate 
is the glacial deposits wliicli occiii in many ])aiLs of the world and 
represent at least Lvo InneK ol evl.ensive contineul.al glaciation, one 
in the middle Prc-Caiiibriaii and the oilier neai its (dost' (Pig (iO) 



Eliol lilnrkHiliIii 


Fig 70 Late Pie-Cambiian tillilo South .sulo of Little Mounliiin, west of O^(loll, 
Utah Note the laiRo angulai boulclex in a fmc-giamcd inatiix The (oiniiiisa abo\o it 
has a diaiTietci of 3 inches 

The Pliuonian (Clnwganda) tillitc has been mentioned Its distri¬ 
bution ovGi the southern pait of the Canadian Shield sliows that a 
continental icc sheet iiioie than a thousand miles in diameter lay over 
central Canada for a time dining the Tliironian c])o(‘h 
Glacial deposits arc Avidcsiiiead in nmlhern Utah beiu'ath the Cam¬ 
brian formations, oiiteioiiping in the islands ni Cheat Salt Tjake and 
m the monntam langcs bolh east and sonlliwost of the lake (Pig 70) 
Tilhte and glacio-fluvial deposits occur at different boiizons in a si'ries 
of sandy and shaly formations that exceed 12,000 feet in thickness and 
aie supposedly of Pie-Cambiian age, possibly Beltian 
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The tillite includes bouldeis of many kinds of lock, some of them 
as much as 10 feet in diameter, enclosed in a nonbedded, slaty matrix 
Some of the boulders are faceted and stnated The tilliie i caches the 
exceptional thickness of 700 feet at one locality and 1100 tcct at an¬ 
other but IS generally much tlimner Its age, unfortunately, is not 
definitely fixed The senes bcaimg the tillite rests upon a much older 
and intensely metamorphosed gioup of schists, and is oveilain with 
local unconfoimity by beds high in the Lower Cambiian The glacia¬ 
tion IS behe-ved to have occurred late in the Proterozoic cia, but con¬ 
ceivably came eaily in the Cambrian 
Perhaps the greatest lecoid of Pie-Cambiian glaciation exists in 
Austiaha, whcic ancient tillite is found at thicc hoiizons in a vciy 
thick senes of late Pie-Cainbiian formations One of the finest dis¬ 
plays of the glacial deposits is in the Flinders Range of south-centi al 
Austiaha, where the SLuihan tillite, exceeding 600 feci in thickness, 
foims the backbone of the range and is exposed in gieat clifls It 
consists of a nonbedded matrix of ancient ‘hock flour” and angulai 
chips, in which boulders of many kinds of lock ai c embedded These 
bouldeis are in pait rounded and in pait angulai, and some of them 
are faceted and striated The underlying, wcll-bcddcd strata include 
scattered bouldeis of glacial oiigin that aie believed to have been 
diopped from iccbcigs in a body of water in front of the ice sheet 
The Stmtian tillite is about 1500 feet below the base of the Cambiian 
system in this section The glacial deposits are known to extend foi 
at least 300 miles from south to noith 
In South Afnca thcie are Pre-Cambrian glacial deposits of two 
widely separated ages,^^ the Numees tillite of Southwest Africa being 
appal ently of late Pioterozoic age, as are thick tilhtes in Katanga, 
west of Lake Tanganyika, wheieas glacial deposits in Griqualand and 
the Tiansvaal, believed to be due to rafting by icebcigs, appear to be 
of later Pioterozoic time The material of the glacial deposits in 
South Afiica is thought to have come from farther north 
In the Yangtze Yalley of China there are also extensive deposits of 
Pie-Cambrian gkcicis Scatteied exposuies of tillite indicate that 
glacier ice once spicad over an area of at least 800 miles fiom east to 
west across cential China during Pic-Cainbrian tune 
Theie are other tilhtes, less certainly dated but piobably of late 
Proteiozoic age, in Norway, East Greenland, India, and Australia 
Ceitain of these underlie the Cambiian so closely that some geologists 
believe they belong in the Cambrian lathei than the Pic-Cambnan 



C£YX"TOZOIC EON I’HE-CAMBBIAN IIISTORA' OF THE EARTH 123 

Befoie the cnormoiiii length of the Prc-Cumbnan 'vvas appieciatcfl, 
the discovery of these evidences of early glaciation seemed a seiious 
obstacle to the belief that the Earth was oiigiiially molten To the 
oldci geologists, who conceived of the Eai th in these eai ly times as a 
hot planet clothed in dense vapois of a vast piimal atraos])heu', it was, 
indeed, a shocking discovciy In view of oiii inesent knowledge, how- 
evci, the oldest of the known glacial times may have followed the first 
solidification of a ciust by 500,()0(),()00 years or moie rie-Cambilaii 
glaciation has, theiefoic, no gieatei bearing on the mode of oiigiii of 
the Earth than latei times of refiigeiation As we shall see, climatic 
changes on the Eaith have been cyclic, with fluctuations betw ecu mild¬ 
ness and glaciation since eaily geologic time The glacial times of the 
Pre-Cambrian weie undoubtedly but relafively sboit episodes iii the 
climatic fluctuations of those eaily ages It must not be supposed that 
the woilcl was gcneially cold for long tunes 

EvIDENCKS of IaFE BEl'OKK 'I IIK CAmBUIAN 

Foi moie than 50 years an eager scaicli foi fossils has gone on 
wherevei Pie-Cainbiian locks have been studied—and the lowaid has 
been amazingly slight 

The most abundant fossils aic the deposits of (uilcaieous algie, one 
of the most primitive tribes of imcioscoinc plants that glow in niold- 
like colonies, precipitating calcium caihoiiatc to build iij) globiilai oi 
incgular structures with a fine concentric lamination (Eigs 71, 72, and 
349) Such plants arc common in the modem oceans and in lakes and 
streams They have formed chaiacteii&tic limy de]iosits ol the same 
sort in all ages since caily in the Pre-Cambi lan They aic abundaiit 
in certain of the limestones and calcaieous shales in the Belluiii system 
in Montana (Fig 71) and in limy zones in the Grand Canyon system 
Similar stiuctures occiu in the iion-bcaimg locks about Hudson Bay 
(Fig 72) and in Michigan and Minnesota, some of them m the iippei 
part of the Keewatin system m Minnesota No highei tyiies of plants 
are indicated in any pait of the Prc-Camiirian record 

The best evidences of animal life aic the tiails and buiiows of 
wormlikc cicaturcs in some of the Belluin rocks (Fig 73) Sponge 
spicules wcic icpoitcd fioin the Chand Canyon beds, but (bey need 
verification Recently the impression ol a supposed ]ellyfihli was re- 
poited fiom near the middle of the Grand Canyon system 

A number of other alleged fossils have been lopoited but are now 
suspected of being concretions or other inorganic structures The fust 
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of such objects to claim attention was named Eozoon canadense 
(“dawn animal of Canada”) These aie heimsplienc masses from a 
few niches to a few feet across, showing a crude concentric lamination 
of alternating layers of calcite and serpentine The best and the origi¬ 
nal examples came from Cote St Pierre about 35 miles east of Ottawa 
in a zone of intense contact metamorphism about 300 feet across, 



C h rend M A Penton 

Fig 71 A lai ge colony of the calcareous alga:, CoUemci sp , in Uio Siyah foimation of the 
Beltian system, Ilole-in-the-Wall Clique, Glaciei National Piuk 


wheie the Gienville limestone is intruded by granite. In view of tins 
occurience, and of the fact that serpentine is a metamoiphic mineral 
and is never found in undoubted fossils, Eozoon is now consideied to 
be an inorganic structuie However, undoubtedly calcareous algffi sim¬ 
ilar to those of the Beltian occui' also in the Gionville limestone ’’ 
Another alleged fossil was found in the Early Prc-Cambiian (Seine 
Eivcr beds) at Steepiock Lake in Ontario It takes the form of hemi- 
spheiical or rounded masses showing a faint radial stiucturc, bul 
mici osections prove that the material consists of fine quaitz crystals 
The structure can be so perfectly matched in near-Recent conci etions 
that tlieie is now no reason to believe these things to be organic de¬ 
posits 
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Moie icmarkable i.s the olt-quotcd lepoit of Racholana in the Pro- 
teiozoic schists of Biittany, fioin which foiLy-lour siiecies have been 
described and illustiatcd But the anuizing fact is that, although the 
rock IS a ciuaitz-schisL and thciefoic much lecrystallizod and sciueezed, 
all the published figuics show whole uiicruslied sliells Piirtlieiiiioie, 
all the “fossils” came fioni a single thin section and aie liir siiiallei 
than modern ladiolaiians These objects are theielme siisiiecled ol 
rocouling a fertile imagination inslead of a foini ol ancient lile 
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Fig 72 WeathoiecI siufiuo of a fal(,tK*ous uIkhI loof m llu' llppoi liiuoMian scik'm oh 
B olchci Islands, Iludsuii Bay Tlip luiK^'st colony Inis a (liiirncltn of al»mil 15 imhcs 

Two types of objects fioin Pic-Ciimbiian rocks Inuo been descrihc'd 
as arthropods The fust, appealing as daik jiatidies on the siiiface 
of some layers in the Clraymn sliale ol Beltian age in Montana, was 
named Beltma darns, and was alleged to ho smiilai to the euiypteiids 
of the middle Paleozoic, but the iiresent beliel is that, at most, Boltina 
IS no more than the film lelt by a hit ol seaweed The otliei supposed 
arthiopod was desciibed from the Pie-(’aiiibnan of soulliein Aiistialia 
and named PioLadelaidea, it is jnobably i oiicietioiiai v and iiioigaiiic 
—certainly theie is nothing about it to justily the eoidident iiitei|iit'- 
tation given by its diseovereis 

Thus the recoid boils rlown to calcareous alga’ and the trails and 
buriows of a lew woiinliko animals, possibly a few sjionge spicules 
and doubtful jnotozoans—certainly not an iiuinessive aiiay to repie- 
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sent the life leeoi'd of more than three-fourths of the history of the 
Eaithl 

On the other hand, a vast amount of carbon is dissemmalod in 
the Pie-Gambrian shales and schists Later sedimentary deposits 
contain much caibon of org,anic oiigin which appears as coal, oi as 
hydrocarbons, or as disseminated particles m dark shales No other 
source is known fur such disseminated carbon in sedimentary locks, 

and the belief is therefore com¬ 
monly held tliat the grapliito and 
disbemmaled carbon m Pic-Cam- 
brian locks are also of organic 
source Nevcithelcss, it appears 
probable that the hydrothermal i c- 
actions at the holders of large in¬ 
trusive masses could bleak down 
atoms of CaCOi and fiec the cai¬ 
bon The graphite in some Pre- 
Canibnaii contact inetamorphic de¬ 
posits is believed therefore to he ot 
such inorganic oiigin, and some 
stuclculs have argnocl that all the 
Pre-Cambnan graphite might be 
inoigamc Recently it has been 
found that the latio of the isotopes 
of carbon, C’- and is higher in 
oigamcally concentrated caibon 
than in that from inorganic sources, and the application of this cii- 
tenon to various giaphitic deposits in the Pre-Cambrian schists of Fin¬ 
land has given conclusive evidence that they aic the residue of oreanic 
matter 

We may mfei, therefore, that life piobably was abundant in the 
seas of Pre-Cambrian time, especially during the Proterozoic, but was 
of a low Older and doubtless small and soft-tissued, so that there was 
little chance for actual picseivation as fossils 

Piobably the greatest contiast between that primeval woilcl and the 
world of today lies m the piimitive character of both plant and animal 
life No foiests then mantled the mountain slopes, no praincs cov- 
cied the plains, and no animals inhabited the desolate lands Only 
m the sea was them a beginning of the organic host that in latei 
times would possess the whole world. 



C> L and M A Fenlon 


PiQ 73 Worm bullowa (packed with 
sand) in the Siyoh formation of the 
Bcltiaii system Dawson Pass, Glacier 
National Paik, Montana 
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Ftg 74AQeft) Eafly Cawhnan paleogeogiff^hy 

of Nofth Ameaca Land at eas lightly shaded^ 
shallow tea deeply shaded, deep sea honzon- 
tally lined Piesent outcrops in solid black 
Stumps of the late Pie-Camhtian langcs m the 
Canadian Shield ate induatcd 


^ig 74 B (right) Middle Camhtan paleo- 
geogtaphy of No/th Ameaca Synihoh as 
above Clouds tn these and otht\ maps have no 
clmatic implications, they me used nmely to 
hide areai of unceitainty 




Pig 74C (left) Late Cambrian paleogeography 
of North Amettca Symbols as above The 
Ouachita goosynchne appears in this epoch for 
the jiist time 
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Chapter 7 

THIO f;AMBR[AN PERIOD 

"Till' iiicf of ni.Ul “iliiill liciisli, lull I ho ovi’s 
Of iiilohitr's ctriniil be m slono, 

And sofiii to stmt' .ihoul, in mild smini'-t' 

Ai (luuigt's gu'.iloi 111 111 Llit'v li.ivt* \f't, known” 

— T A (’onum) 

A Date of Reckoning AYitli the litivil Otunhnan iiu-ks, fiisMla 
make their appearance ni abundance, supplying tii once a k'cohI nl 
life and a certain means ol coirelaling llie iilij’^siral retold litnii place 
to place I-IcneoloiLli events in all jiails ol the vorld can he ineeed 
togethci as paits of a eonlimious stoiy, and it is possible lo iiresenl 
the history of a whole eonUnenl, oi of llie whole world, in systcmalie 
fashion, period by period Thus the beginning ol the Cainbi'ian is a 
date of icckoning in geologic history 

PALEOaEOGEAI’IIY AND JhlYSirVE IIlSlORY OF NoilTir AMEHirA 

The Cambrian Submergence. At (he veiy oiilsel. of (he Palcozoie 
eia the Cambium seas began lo cneroacb upon I ho lowt'sl lands, and 
before the close of the peiiod eovcicd nmie (ban 30 iiei cent ol the 
present continent When the oldci Cambnan meks aie plot toil on a 
map, howevei, a striking relation is shown (Fig 7-1.1) They arc not 
distributed ovei the picscnt lowlands oi along the niaigms of the 
continent, but aic liimied to two coinpaiatively nariow bells well 
inland In these places Cambium foiinations attain a gieat Lbiekness 
and abound in inaiinc fossils, slimving that setts weie piesent here for 
a very longtime Since the sediments are of (yiies tliat foini in shal¬ 
low water, it is clear that tliese idtiees were vast tiouglis, subsiding 
slowly as they filled, that us, they weic typical Imes The 

eastern seaway followed the tieiid of the jiicaent Appalachian folds 
and IS therefoie known as the AppaUichum geo.synchne, the western, 
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centeicd in tlie Coulillcian region, is known as the Cordilleian geo- 
synclvne. 

EasL of the Appalachian geosynchne lay Appalachia, a land mass 
of imknoAvn eastwaid extent that was to foim the Atlantic inaigin of 
the continent thioughout the long Paleozoic era, rising at times to 
inonntainous heights and supplying most of the sediment that filled 
the geosynchne A similar marginal land, Cancadia, lay to the west 
of the Cordilleian geosynchne, while the vast intciior of the continent 
was low plains The mutual relations of these five major stiuctural 
fcatuies of the North American continent are shown in Fig 75. 

Befoie the close of the Cambrian, anothei geosynchne, the Ouachita 
though, took foiin acioss noithcm Mexico, Texas, and Oklahoma, and 
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Eiq 76 Profile across the North American continent m Cambrian time [black), to 
show the relations of the geosynolmes and borderlands to the modern continent [broken 
hne) The section luns through San Francisco and Washington, D C Veilual scale 
gieatly exnggouitod 


a ooiiesponding boiderlantl, Llanoua, stretched away to the south 
into the region that is now the Gulf of Mexico (Fig 740 
These seven elements peisisted as the dominant fcatuies of the 
Noitli American continent tlnough all the changes of the Paleozoic 
era—three borderlands, three geosynchnes, and a great stable interior 
The boiderlands were from time to time worn low, but weic repeatedly 
uplifted, they were the mobile aieas—the lands of Paleozoic moun¬ 
tains—while the inteiior of the continent remained relatively low and 
quiet until near the end of the eia The geosynchnes tiapped most 
of the^ debus eroded from the adjacent lands and would soon have 
been filled if they had not continued to sink In them we find the 
most complete iccord of Paleozoic tunes in strata that reach an 
aggregate thickness of 30,000 to almost 50,000 feet along the axes of 
the tioughs During much of the era they weie occupied by shallow 
seas, but at times they weic drained by uplift oi filled somewhat above 
sealevel with iluvial sediments 

Cambrian rocks aie now exposed m only a small part of the area 
01 these old geosynchnes, because m many places they arc buried by 
youngci foimations and in others they have been removed by post- 
Cambiian eiosion But wherever the rocks in two outcrops carry the 
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same manne fossils, it is eloar Hint they i\cig foniicd in a common 
seaway Conversely, wlieic the fiuiiuis ni one aiea are conspicuously 
diffeient ironi those in aiiotlier, a Iiariiei may lie iiulicalcd In the 
Lower Cainlu'ian ioimatioiis of llie Cordilleian troup,li, loi exaiipile, 
ceitain genera and s]iccies occui soiilh of Idalio ihat aio not found iii 
Canada, and vice veisa The ahsimcc ol ICaily Camhiian rocks in 
Idaho and westein Moiilana would seem to coufiim I lie iiuiihcalion 
that a land harrici had hlocked the trougli here Detadetl sludy of 
the lithology in adjacent oiitcrojis adds to the evidence, foi (lie loiuia- 
tions become coaiser and imfossih lei oils as we aiijiroaeli fdalio horn 
either noith nr south It is mfeiied, tlierelore, (hat (he Camhi lan seas 
invaded the Cordillcian geosyrndine in sepaiide emhayments tha( did 
not quite meet until ncai the closi* of Maily Camhilan time In the 
East, likewise, it is iiifeiicd that tlu' Adiiliiin Dmu//t (Eig 71/1) was 
separated fioin the Aiijialachian (.loiigli dining most, of Camhiian tune 
because the faunas in the Acadian belt are so distinct- tioiii (hose 
farthoi northwest 

The Eailv Camhiian seas -weie lesliicted to the geosynchiies and 
probably at no time covcuod iiioie than 10 jier cent of (he continent 
(Fig 74A) During the Middle Oumhiian (he aiea ol sulmiergi’iice 
was even .suiallci m the TOast, wheie (lie nun mo wateis weii' lestiicted 
to the middle and soutliein (mit of tlic Ap])alaeliiaii geosyucliiie and 
to the narrow Acadian Lrougli Meanwliile, liowever, the niaigmal 
highlands had been giadually leihici'd, and lafe ni (lie eiuich (he west¬ 
ern sea began an eastward exiiansiou dial, developed laiudly. Hooding 
the Ouachita tiouqh (Fig 71C) and spieaduig simuKaiieously acioss 
the northern states to the Cu'at fvakes legioii, vlieie it joined with 
the watci.s of the Appalachian geosynchne Wlieii (his (lood was at its 
height, fully 30 pei cent of the continent, was suhiiierged 

It must not he siiiiposcd that tlicsc Camhiian seas sjiread and le- 
ceded with the violence of floods, for the time involved was moie than 
70,000,000 ycais, and the movements weie jiiohahly like (,hc broad 
ciustal warping that has caused the drowned or the emergent condi¬ 
tion of some of the modem coastlines The northein jiait of the Baltic 
coast of Sweden, for exainjile, is said to lie rising now at the ia((' ol 1 
centiincter a yeai In the coiiise o( a noimal liiimau liletime this rise 
would amount to less (ban 3 leet, hut m 10,()()() yeais il would tilt all 
the water out of (he Baltic Sea and (mn it iii(,o dry land, or, if con¬ 
tinued foi a million yeans, would iiplilt (he legioii as high as Mt 
Everest, as noted by Shand 
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Nor ehoiild we imagine that the Cambrian submergence was as 
simple as heie sketched Evidently the spiead and final letreat of 
the Cambrian seas were largely the icsnlt of a world-wide rise and fall 
of sealevel, foi conteinpoianeous changes were marked in other con¬ 
tinents The use in sealevel may have been due in part to filling of 
the seas by sediments eioded from the lands, or to bioad upwaiping 
of parts of the ocean floor, and the retreat may have been caused by 
distuibances m other paits of the woild, which deepened the ocean 
basins, thus diawing off the waters fiom the continents Whatcvei the 
cause of this major cycle of submergence and emergence, minor oscil¬ 
lations weie superposed upon it Twice duiing the period the seas 
weie greatly lestricted if not entirely withdrawn from the continent, 
thus pioducmg natural breaks in the record which make it convenient 
to separate the Cambrian system into three senes, Lower, Middle, and 
Upper Furtheunoic, while sealevel was rising and falling, the con¬ 
tinent itself was slowly warping, even as it is today, and, accordingly, 
the outlines of the inland seas shifted widely during the period The 
geosynclmes, however, weie the most continuously depressed areas and 
remained the most peisistcnt seaways 

Reduction of Marginal Lands Tluoughout this long peiiod 
Noitli America enjoyed a stability that contrasts stiikingly with the 
mountain making of late Pre-Cambiian time Hut little evidence 
It- known of volcanic activity upon the continent oi of mountain 
making During these millions of yeais of quiet and stability, the 
highlands inherited from the Pioterozoic era were gradually reduced 
to monotonous flatness, and Late Cambrian America must have been 
largely devoid of scenic beauty 

Close of the Period The Cambrian submeigence was followed by 
a gentle lowering of sealevel that drained the inland seas and left the 
continent fully exposed but very low and fiat This emergence caused 
a break m the sedimentary record, sepaiating the Cambrian fiom the 
Ordovician period During the exposure, however, theie w'as no 
maiked uplift m North America, accordingly, the Cambrian forma¬ 
tions suffeied little erosion, and when renewed submergence brought 
the Ordovician seas again into the geosynclmes, the new deposits were 
laid over the Cambrian with slight physical evidence of the break 
In many places, theiefoie, the boundaiy between the Cambrian and 

the Oidovician is not well maiked and is still the subject of contro- 
versy 

This stands m contiast with conditions m western Europe, notably 
Wales, where the Cambrian formations include much volcanic mate- 
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rial and aru unconioniuihly ovorhun by Uif ()i(l()vi('iiui, uidicatnig 
that uplift, dihtiiibanco, and considcialilc oinMon iicciiiK'd iU< the end 
of the Carabnan Tliih ih (lie typo region wlieie the (hunbiian and 
Oidovicifui syalcn)& woru o.slahli^bod 

Stratk.rai’III ok Tino Cvmhuian Rooks ^ 

Stiatigraphy isflio sludy of Uio s(,iiitiliod locks, llu-ii natuio, distri¬ 
bution, and niU'i]iu'taLion As noted in ('liiiploi 1, tlio chniacloi ol a 
sedimentary deposit indicates the conditions undei winch it was hud 
down, and at the same tune ledeets the eluiiaeler ol the adjacent 
lands The Cainbiian stiata aic in tins wav the basis lor the inter¬ 
pretations of the physical histoiy sketched aliove 

Subdivisions of the Cambrian System. Although the (’ainluian 
system of locks vas fiist studied and named in Wales (IStk')!, a coun¬ 
try which the Romans called Canibna, it is moie giandly displayed 
in the mountains of western Noith Ainencu, wheie a last tlnekiiess 
of evenly bedded sti’ata is e\i)osed like pages of a colossal nianusciiiit 
preserving the histoiy ol Canibiian lime In dillereni jiails ol tins 
area the thick Cambrian .section is divisible mio mmuuoiis loimalioiis, 
some local and othei's recognizable ovei eonsidemble dislaiiees 
Throughout Ihc whole Coidilk'i.ui geosynchne it is l)os^]l)le to gioup 
those foimations, however, mlo Ihiee great scims leiireseiilmg three 
distinct epochs of C’amhriaii lime (I'hgs 7(1 and 77) 

In accordance with Ihe custom of using geographic names loi geo¬ 
logic units, the Lower Cambiian has beim ealh'd (lie ]Vaiicnb(in srttes, 
foi the very long section at Waiicuba Spimgs, Caliloima, (he Middle 
Cambrian, the Albeitan, for the line sections m the Canadian Roeku's 
of Albcita, and the Upper Cambiian, (he (b'ouum (pronomicc'd 
CToyan), for the cxjiosmes idiont St Cioix Kalis, Almnesola The 
thiecfold division of the Cambiian is leeogmzable tliioiigliouL (lie 
world, though locid names aie used m dilleieni oomitries 
The Lower Cmnbuun hninations are eluuaelerized bv faunas in 
which the spar-tailed Liihibite Olcncllm rs consiiienoiis (Rig 71), and 
PI 1, fig 10) Rinee extensive expeiienee has shuwii that no sjieeies 
of this genus oeciiis above the Tyower Camiuiiiii, Oleiiclluh is aecepleil 
as a cjwde fossil oi imlci to the fyower ('amlinari series 
Above the zone of OlcncUiitf come hiige-Luiled Irilobiles of severul 
genera, such as Olenoulcs and Balhiiiinsriis (Kig 7(i, PI 1, fig. h), 
which aic equally distmetive of the hfiddle Cbnnbiuin lormations 
Finally, the Upper Cambrian raiina.s aic chaiaeterized by the Inlobite 



134 


HISTORICAL GEOLOGY 


Ciepjcepkalus (Fig 76, and PI 1, fig 2) and by otlier geneia which 
ai'e confined exclnsivcly to that epoch 
With Olemllus are associated many other types of trilobites, bi achi- 
opods, etc, that togethei lepresent the life of Early Cambrian time 
The assemblage found with Bathywiscus is laigcly different, for while 
many of the genera ranged fiom Eaily into Middle Cambrian time, 
the species aie wholly distinct Hence it is possible to distinguish 



Fig 76 Idealized section of Cambiian rocks to show the paleontologic ba.sia foi loeoi;- 
nizing tliree seiios The spelling Waucoban is now piefotred to Y aucobian 


the two series even where neither Olemllus nor BatJnjmiscus occnis 
Likewise, Middle and Uppei Cambrian formations can be distin¬ 
guished by the general composition of their faunas 
The cause of the abrupt change in the faunas between Eaily and 
Middle Cambiian time must be sought in a temporaiy withdrawal of 
the seas from the gcosynclmes, followed by an interval of nondeposi- 
tion dining which Olenellus died out and species of other genera 
evolved, so that the eventual leturn of marine waters into the geosyn- 
clme intiodiiccd a migrant Middle Cambiian fauna that had been 
developing in the marginal seas during the mtcival of nondcposiiion 
Enieigenccs of this sort, more or less complete, have caused the breaks 
between senes, just as gieatei and more extensive emergences have 
sepaiaterl the systems and divided off the peiiods of time The Lowei 






Cambruin cmoi'ftcncu i.s («in- 
finnert m niosL ]ilii(‘i's bv uii 
abiupt cliangu in the cliiiiiu'liM 
of the fiedinienls oi by cuisiniuil 
unconformity or liy biisul con- 
glomeiatca m tlu' ovciIyuii; 
senes The cnieigenee was ne- 
compniiicil by no inoiiKuinecil 
crustal (hstmbiuice, however, 
lienee no miguliii (liseonliuiee 
exists, and Llie ^fiddle (huu- 
brian sens letuiiu'd In alniosi 
the same mens that bail lieeii 
flooded befoie The eineiKeiu'e 
between the Middle and Lale 
Cambrian eimclis was a[i|)iir- 
eiitly less exiensne n'he 
boundary between the Middle 
and Uppei Guinbiian senes is 
therefore .somewhat ailnliaiilv 
drawn at the fust apiieiiianee ol 
a new, iniiiuf'iant famia (llie 
Cedana fiuiiiai that intinduccs 
stocks of trilobiU's wliicli domi¬ 
nate in the TTppei (hunbiian 
foimations 

Cambrian Rocks of the Cor- 
dilleran Trough. Along the 
axis of the Coidilleian geo.syn- 
cline the Ciimbinin strata are 
sevcial thousands ol feet lliudc, 
and aie now inagmfu'cnUy ex¬ 
posed as a result of uplift iii l.he 
modern mountains The Ca¬ 
nadian Rockies of Albeit a pui- 
vido many cxiiosmes like those 
of Figs 77 ancl 70, whei e the 
eiitn 0 thickness of Cambrian 
locks may be seen in a single 
view Other fine soctioiis are 
found in the Rockies ol Mon¬ 
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tana and Wyoming and in the basin ranges of Utah and Nevada 
In general, tluoughout this region, the Lower Cambrian deposits 
consist chiefly of quaitzite, and exceed halt a mile in thickness Some 
zones are shaly, and others, especially in the uppoi pait, are calcare¬ 
ous, but the ovenvhelinmg piedominance of sandy sediments is le- 




Fig 7S Cambrian locks of the Cordilleian trough Above, foiu columnai sections 
whose positions aie indicated on the inset map and whose veitical scale is shown at the 
left, below, a restored stratigraphic section, drawn on a veitical scale only about one- 
fourth as great as the corresponding columnar section Data from Chailes F Deiss and 
fiom II E Wheeler 


malleable These sands were deiived fiom the crystalline Pi e-Cam¬ 
brian locks that had been weatlieiing during the pieceding interval 
In some of the thickest sections, the basal part is unfossiliferous and 
pinbably was laid down in advance of the sea, but the presence of 
trilobites and otliei fossils indicates that most of the deposits aie 
marine The water must have been shallow, howcvei, to permit the 
sand to be tianspoited and spread evenly ovei the floor of the geo¬ 
sync line 

The Middle Cainbuan foimations aie predominantly hmestonos, 
all the way fiom Nevada to Albeita, indicating that by this time the 
bordering lands had been largely stripped of their sandy mantle or 
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were &o low that little dctiital .sediuient with bcinf!; caiiicil to the bea 
These calcareous fniinations iiui{!;e fioiii hall a mile to a iiiilo in thick¬ 
ness in the Canadian Tioekies and in Utah and Nevada During this 
epoch the gcusynclinu wnlciietl somewhat, and the sea tended to spicad 
faither east than in Eaily Caiiihiiaii time, aloiifi; tins nun pin, wlicie 
the Mid-Camhiuiii cnuies to vest diieeilv on the lhe-('aiuhiiiin, it, 
too, IS sandy like the Lowei C'ainhiiaii (Fig 7S| 

The Ilppcr Caiiihnan senes is hugely doloimle and Imieslone 
thioughout most ol the Coidilleraii trough, and is coniiiioiilv .‘iOOll io 
4000 loot thick Many of the toweling while elills ot (he Canadian 
Eockics aic made of these liinestoiie.s (Fig 791 
Cambrian Rocks of the Appalachian Trough. In the A])[iala- 
chian trough the Lmver Camhiian sliala aie inedommantly defiital 
as they aie in the West, wheieus the Middle and lfp])er Camhnan 
consists laigcly of limestone and dolomite This change in lanes 
(lithologic c\pu'ssioiiI is due in pait to the faet (hat Appalachia was 
undergoing raiiid eiosioii dniiiig Eailv Camhnan time but was too low 
to supply innch dcliital sedmient dm mg the lalei epochs Peiluiiis 
equally iiuiiortant was the laet lhal diuiiig llie Early Ciiuihiian Ihe 

NOIMAN 

Fig, 79 Mount Ltjroy, 111 the Oiitaihiiii Kmkm imtliu'tit (ij BimlJ, Alkitii I his 
peak, with till ahitmk of 11,660 Jtet, is made of Middle ami Uppci (amlntau him- 
stones 
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gcosyncime was bordered on both east and west by a suifacc of Pre- 
Cainbrian ciystalline lockSj which had been w^eatlienng so long that 
an extensive sandy mantle was at hand to be sw'epL into the newly 
toimed geosynchne 

From Pennsylvania soutbwaid the detiital pait of the Lnw'cr Cam- 
biian SCI ICS langes finm 3000 to 4000 feet in thickness, and its thick 
quaitzites, being exceptionally lesistant, aic inoininent ridge makers 
m the eastern pait of the fold belt 



Carl 0 Dunbar 

Pig 80 Uppei Cambrian (Potsdam) sandstone Ausablo Chasm, near KooseviUe, 

New Yoik 


The Middle and Upper Cambiian dolomites are spaiingly fossihfer- 
ons and have been difficult to diffeientiatc and to separate from the 
overlying Oidovician dolomites They undeihe a large part of the 
limestone valleys in the fold belt 

Canibnan foimations are thick in the northern part of the Ap¬ 
palachian geosynchne, especially in eastern New Yoik and the 
Champlain Valley of Veimont and in Newfoundland, but in the 
Champlain Valley they have been so badly defoimed by later orogeny 
that the stratigraphy is still not well known 
Around the noith and oast flanks of the Adirondacks the Upper 
Cambrian ovcilaps onto the Pi e-Cambrian granite and is largely 
detiital, consisting of the sand swept off the old Adirondack dome 
Heio it is knowm as the Potsdam sandstone (Fig 80). 
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Cambrian Deposits o£ the Mississippi Basin. The TTpiier Chiiii- 
bnaii hoas gradually Hooded ;ieioNs llie low inteiioi of the rnntinent, 
lapping noithwiird upon the uiieieni ciyslalline land ol the (huuidicin 
Shield. Spiending thus across a region deeply coiered by a residual 
mantle finurh of ivlucli -was wind-lilown sand I, they lenoi-ked this 
loose material into saiidv and .silly I'oiiualions of vast ateal e\teut 
but 110 great thiekne.ss The exposuies ol these foinialions m the 
icginn of St Choix I'dills ni Miniu'sola and \\ iseonsm au' legaidial 
as the ty]ie seetioii ol the t’|)pi'i ('ainliuan ami gne u.s (he nanu' 
Cioixian seiic.s Ileie they allani a total thickness ol seaieely 1000 
feet 

Farthci south, 111 tlie O/aik legion o( Mi''Souii, the thbiei ('aiuluiaii 
formations lap up onto the (lank.s of Pi (‘-(’anil man lulls which weie 



Piu 81 f'lunltnuu fonniU urns iu*iii tho (<»f Hio O/.uK Dtniic 'Pin* nnt niiftn iii- 
ablo ovoilap of sut (•(•sMivt' tonuilums on llu» Pu'-C‘.iinhirui (tut sIiowm (Iml liio 

dome ws inosioh'^nt'lv snlnnoi ut'd dm < amln tan ion I (‘n^l U of -sid t ion ulnml 

12 miles, voiLual s(tiU‘ H Umos (ho lioii/ontn) Noniml fiuills i1 liu* lofi aio of jiosl- 
Cambiiaii clato Aftci (‘ fi DaUo, Mi^sonii Iluii'iiu <jf <ami Mim‘s 

piogrcfe.sively huhmerged duiing late Camlmau Imie (Fig SI) At lh(' 
base of this scclioii is T)() to 101) feel of sand like tlml of the uppei 
Mississijipi Valley, lint the ies(, of the section is luosllv dolotuile, in 
part highly siliceous or cheity This seeluni lepreseiits (he Ouaehila 
tioiigh and, in general, is suiiilai to lhos(‘ I'xposed lailiu'r west in tiu' 
Aibucklc Mountains of Oklalunua and (he Llano npliK ol eenli.il 
Texas Ills iicitewuulliy thal thionglionl. (his region (he [liiper Cam¬ 
brian losts directly on Pie-Cainliuan en'stallnies, (deaily, llu' Oua¬ 
chita geosyncliuc did not begin to lonii until altei Middle (hunbiian 
time 

CniMXTE 

Thcie IS no direct and cei t.ain e\id(‘iiee as to the climate of (his 
remote jicnod The tillites which underlie llu* Oamlmaii in various 
parts ofthowoihl have liccn dcsci'ilicd in (he discussion ol the Piolci- 
ozoic Althongli sonic geologists regaid Iheiii as basal Cainbnan, wu’ 
believe they belong with the nndeilying svsleui Tn any (W(‘iil, the 
extensive limy reels of the jileosjainges (Fig cSII) in the Jaiwer ('am- 
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bnan are believed to imply a imid climate, &ince physico-chemical 
conditions gicatly favor the precipitation of limy deposits in warm 
waters The wide distiibution ol many ot the Cambrian species fiom 
low to high latitudes clcaily suggests that climatic belts were less 
sharply defined than at present. The extensive deposition of pure 
limestones and dolomites during Late Cambrian times as fai noith as 
Quebec, Newfoundland, and northern Gicenland likewise gives evi¬ 
dence of mild temperatures at these liigli latitudes 

Life op the Cambrian 

The Curtain Rises At the dawn of the Cambnan, life had already 
existed on the Eaith loi possibly a thousand million yeais It is small 
wondci, therefore, that neaily all the gicat blanches of tlie animal 
kingdom were represented, and that complex fonns of aithiopods, such 
as trilobitos, held the center of the stage Altliough exceedingly laie 
in. the Pie-Cainbuan locks, fossils appeal m abundance at the base 
of the Cambrian, revealing tins highly vaiied life as though a cm tain 
had suddenly lifted on a chama aheady in progiess 

The lands must then have presented scenes of stark desolation, foi 
Cambnan rocks bear no direct evidence of tcircstnal life of any soit 
Primitive soft-tissucd plants, such as lichens, piobably clothed the 
moist lowlands, but, lacking'loots and vasculai tissue by winch to 
draw moisture from the giound, these lowly plants could not thrive 
in the dry legions Animals had not yet learned to breathe air and 
did not appear on the land until nearly the whole ot three moie geo¬ 
logic peiiods had passed 

The seas, however, teemed with mveitcbiatc animals of many kinds, 
finding both food and shelter among the vaued and abundant sea¬ 
weeds On the whole, it was a strange and unfamiliar assemblage of 
animals, primitive in many respects and all of compai atively small 
size 

Stars of the Cast. The dominant creatures of the Cambnan seas 
were the tnlobites (Fig 82), swimming and gioveling aithiopods 
which became so numcious and vaued as to make up fully 60 per cent 
of the known fauna (see PI 1) They aie by fai the most iinpoiiani 
fossils in the Cambrian rocks In their day they boasted the greatest 
size if not the highest intelligence of any animals upon Lhe Earth 
Even So, they were small, generally langmg between 1 and 4 inches in 
length The giant of Cambnan forms was Paradoxides hailam (Fig 
82; PI. 1, fig 6), whose abundant icinams m Middle Cambnan slates 




[’hill* I (iiiti 

Uiunm Camuhian I’l^ 1, J)ihfhnu i%hnliis mnnu'ioti mt'i, J. 'J'nrn juii jihuhi'i Irtiuni'i 
Middle Camiuuan I'lfi -i, Ii<it/u/nn a us iolumltilii't, 1, [timhUa lultiKi, T), If /no 
%nterstnclui>, b, Pmiuloiult^ fuula/n, 7, Oltnoults cmtiai Ionniu ( vMUit[vN K, 

BaLhynotus holopi/{fa, 0, ICo<h'i(U'i ‘ijucw^us, 10, Oltudlu'i (lunyipsoni All niitiniil si/(‘ 
except (i, whioU IS about 3-{, mil null mzo Diawn l)\ 1 * S DoukIuss 
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Plate 2 Caiiibiian Biaeluopods (1-7), Molluscs (8-12), etc 

Fig 1, Dtcellotnus pohtus (ventral and lateinl views), 2^ Lin{]ulepis pin7ia/oimz8, 3, Pater- 
ina hella, 4, Oholus aurora, 5, Billzngsella coloradoGnsis, 6, ISoorthiB terana (ventral and 
lateial views), 7, Kulorgina cingulata (dorsal and lateial views), 8, 9, Helcionella lugosa 
and var paupera, 10, Helcionella sp (2 news), 11, Matherella saratooensis, 12, Hypselo- 
<v)7iws elongatus (side view and outline), 13, Hyohlhes 'princeps (lateral and doisal views 
and operculum), 14, Saltcrella rugosa (ontuo and weathered shells), 15, Cambrocyathu^ 

WrnfuDfi'll’} no+orol inanr on/l n 1\ All » i ^ 
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neai'Bustnii mdicalL' ii ciwilun; uliimt 18 inclu's long and piobably tkiI, 
ovci 10 pounds 111 weight It is ii sinking cimiiiientary on the history 
of lilc tliiit sueli feeble folk held uiidis|miod sway ovei the Earth 
thioughout (Jaiiibiiiin tiiiii' —a span exeeedmg that of huiiian existence 
by perhaps a hiiiuhedhild 

Next to the tiilobiles lu iiniioitiinee eaiiie a limde ol hiachiopodn, 
winch constituted aiiotliei SO ]ier eeiit ol the {’aiiilniim liiuiiiis (PI 2, 
figs 1-7) l)iiiiiig the eaity and middle e]ioehs ol the peiioil these 
wcie mostly veiy situdl, innnitive types (Atieinaliil wilii phospliahc 
shells Tliey must have heen exeeedingly mimeioiis loeiillv, (or m 
places then shells now eoxei- the lieddiiig planes ol the Oamhiuiu 
locks In the Late ('luiiliiuin, more piogiessive types nilh ealciueoiis 
shells licgan to use into pionniionee, loieshadowmg then doniiiiaiice 
in the Ordovician peiiod following 

The Plmpimijia (also known as Aichcncuathwtv] played (he lole 
of leef-lmilders m the Early Camlirmn seas (Fig <s;i, PI 2, fig 1.1) 
They lunned vase-shaped to eyliiiiliieal skeletons ol ealeite, chiiiiic- 
tevizcd by having two walls, one inside the other, seiniiated by liinv 
plate or bais Both walls weie sievelike Their hiologm relat.ions 
aie still uiiceitam, Imt they aie now liolieved to he an nheiiaiil group 
of calcareous sponges They generally grew' over one aiiolher in 


12 Ktttcratton ol the Camliian trdi!hte,PiiiiiihMiks kirlmt Aioi/tH 
natuid 
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tangled piofusion as tponges do, and they left an imposing leeoicl m 
the Lower Cambiian rocks in the loim of reefs which arc found in 
many paits of the woild (California, New Yoik, Queliee, Lahiadoi, 
Newfoundland, New Siberia, Sardinia, Spam, Austiaha, and Antaic- 
tica) In Austiaha they range through fully 200 feet of limestones 
and extend fni moic than 400 miles, it is a strange coincidcnee LliiiL 



T G Taylor 


Fig 83 Weatlieicd piece'? of Lowei Cambiiaii limestone sliowng n.ituial sections of 
t leospongm Note millimcloi scale at left 

this greatest of all Paleozoic reefs should occupy a icgion cln&cly 
paiallchng the Great Baniei Reef of the east coast of Australia, the 
largest of all modem coral leets " 

Mention must also be made of the calcaicous alga, Ciijptozoon. that 
formed smaller but lYidely distributed reefs thioughout Cambrian 
time (Figs 84 and 85) Those deposits are hcnnsphencal, incgulai, 
01 spiending masses of finely laminated calcite precipitated layci upon 
layei by inoldlike colonies of microscopic bluc-giccn algai The hmy 
precipitate preserves only the gross form of the colony, not that of 
the individual plants 

Forms in considerable variety must have been picsent, and some 
of the sand flats appaiently were full of them, since the sandstones 
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aic in planes replete with tlieii ImiuiW", itiiikuif^ the sD-eiilled ])ii)e- 
rucks {Hcolithiis, ete ) Tliese aie e^'pei iiilK eiiniiiiou m the Upiier 
Caiubiiiui siuidhtinies of New Amk mid W i-'Ceii^m and in the laiwer 
Cambiian ol Tenne^-see, Viif-niia, and Sweden 

Minor Characters. Tlie reuiainin^ [divla jilav a M'ly nmioi pait 
in the fossil leeoid iil the (lanilniaii, pailly hi'emise manv ol the inod- 
cin classes had not yet e\ohed, lail pi'olialilv in a'e.dei doi;iee he- 



i'linl liJdi kutldt r 

Fiti 84 C’oloinos of (tilcaioous ulgjv \m‘hI lioi<nH of Uu* Ujijx't ( anil)i mu (li <h Voiitu 
foiiiiiition III Cli'viul 'Pi'toii iiuiutmiij'lo, W mmiuiim: 


cause they had not developed shells eupalile ol fossiliz.ilion Vroloiati 
arc not ccitainly known, siiiiph' “nhiss spoiifies” wilh silieiMUis spicules 
arc locally ahundant, and c(vlp,ntci(ticN are id no iniiioi (mice, Ihouf^h 
doubtful impressions of jellyfish have hetni found loc.illv in Ihe Lower 
Cambiian ol Nciv Yoik, Vciniont, and llu' Baltic conniiics, and a siip- 
poRcrl sea anemone has been lonnd in (be Middle Cambiian Bui’f^ess 
shale The ancestors ol the iiuc coials had not vel Icained 1o scende 
lime Erhinodoinin aie rcinesented by sinall, pnnidive n/shm/s, but 
no staifisli, sca-nichilis, oi crinoids aie known, nor wwe theie any 
bryozoaiiR 

Altboii[;li the nioUn.sf.s constitute Ibe bulk ol llu' sbell-beannj!, ani¬ 
mals of modem seas they were lelatively lew' In Caiubiian lime 'Tlie 
gastropods were first to ajipear, and are reincssenled by tw'o distinet 
tribes in the Lower Camlirian loeka The hist j^rou]) inelndcs veiv 


116 


HISTORICAL GEOLOGY 


small and juiimtivc snail shells scaiccly attaining, a breadth of half an 
inch and having the foim of a low cone or of a spiial less tlian one- 
quaiter of an inch acios.s with only two or tluee volutions The snails 
remained inconspicuous until near the close of the Cambrian, wlion a 
rapid evolution set in that foicshadowed the piommencc they were 
to assume in the next period Much moic common than snails w'cre 
the hyohfluds (PI 2, fig 13), doubtfully allied to the morlcin ptoio- 



pods or sea butteiflies, which aic gastropods pccuhaily modified for 
a swimming habit. The small scabbaid-shaped shells of Ilijolithes 
occui locally in such abundance as to foim thm layers of limestones 

Pelecypods appeal to have been absent throughout the Cambiian, 
and cephalopods appeared only ncai the close of the pciind and aio 
among the laiest of Cambrian fossils. Two gencia of minute conical 
shells from the Lower Cambiian locks have been considered to be 
cephalopods, but this now seems highly doubtful These ai e flnltei ella 
(PI 2, fig 14) and Volbcnihella, both ot which arc confined to the 
Lower Cambrian 

The Burgess Shale Fauna. Piobably the most significant fossil 
locality yet known w^as discovered by C D AValcott (Fig 8G) m 1910 









TIIF (’AMUHIAV I'KIUdD 


117 


It is a bed of slidy Iduik "lialc nl Muidli' ( iiiiiiiiiaii datr liitdi nj* on 
the slope ot Mt Wajda alxac ilic lowii nl Kielil. I'>iiti-li I'nluiuliia 
The fossils are i)n'''<’ned a*' delieaie <'ailioii liliii-- nn ilic IxMiilina 
planes where heddiiif]; and cdeavaite enmeide hiaeli i' a nieie lii-l i ni!- 
film, the resalue of a soil- body jire^-'ed a*- Hal a" the ink on thi- jaijre, 
but it ])ieser\es willi ama'/.iiijj; del ail 
the form of delieaie evieriial a]>)ieiid- 
ages and, in many instanees, show^ 
die jiresenee of viseeia Fioiii llii" 
single bed, only a few leel lliiek, \\ al- 
cott dcseiilied 70 genera and KiO spe¬ 
cies, almost all of nhieli were deheal.e 
soft-bodied animals of tyjie.s ebe- 
where conijiletely nnknown Among 
those aie Sjionges, pdlvhsh, and a re¬ 
markable ariav of annelid woiius m 
which not only the body foim but also 
bi'istlcs, scales, and evim ui(,e‘'t,inal 
tiact aic jiveserved The most mler- 
csting, however, are tlu- highly railed 
primitive aithropods, whieh meliide, 
besides tnlolntcs wntb limbs and aii- 
tennic, delicate forms like the modern 
biino-shrimp. Ot pailienlnr inicresi, 

IS a iossil onychoplioian ' {Ay.shcain, Id 0, lig. 1; ami Fig X7l A 
single genus of tins sLiangcly isokded stork still survives and bas long 
been recognized by zoologists as a ]>eisis|,enlly jiimiilivi' lyjie, sli'ue- 
turally like the cx’iieeted common aneestor of annelid woims and 
arthropods It was ccmfidciitly believed by eonijiaiative amilomisls 

to he a relic of a very ancient 
stock, but, since it is as soft- 
bodicd as a calerjiilhir, tbeu* 
seemed no liojic of a fossil record 

Fig 87 liestoiation of a Middle Cam- until the Bui’gCSS sluilo was (llS- 
briaii onycIiopUoioid, Ay8)ieaia pcdunciilata i 

Natural size After G 111 ITutoliinsoii COVGlGCt 

Tiic Burgess shale fauna is 
important chiefly because of the perspective it gives Flerc we get 
one clear view of the world of soft-bodied creatures that inhabited 
the cai’ly Paleozoic seas Without these fossils we could only mfei 
that life was abundant, and guess what it was like, and we might 
have believed that tiilobites weie more abundant than other animals 
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PUte 3 Middle Cambrian Possils Iiom Ibe Bmgess Shale, neai Field, 
Biitish Columbia 


(CliEetopoda). 4 Onychophoia (see Tig 87), 5. 0, 9, Tiilobita, 
" Hiyllocaiida, 15, IG, Merostomata 

g nosa, 3, C seligera; 4, Aysheaia pfdnnculaLa, 

/’ Buigessia bella, 8, WapHaJieldensis, 9, Nara- 
It; .if 7 „ ' r plena, 13, Hymenocans f circulaiia, 14, H ^ 

Vana IS U<Marw. svamkra All aftei Walcott (1911-1912) Figuies enlaiged X Ij^ or X2 
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just because they are the common fossils Tins ghmjise ol Llie jirimi- 
tive solt-bodied cicaLuies of tlie Camlumn sea proves tlio mcouiiilete- 
ncss ut tlio fossil reeoid, il also jiresciits an cxcdiuft ('lialleiif;o ’'riie 
wonderful discovery cam(> hy accident as a jnick hoise, hij;h iij) on a 
mountain trail, turned over a slab of slate that canji,lit the eye of a 
trained i)aleoiilolof!,ist It was a spot whcie tlie foices of nature bad 
consinied to jiicseive an alinosl mcredilile lecoid lioiii the jiast, (here 
must he iiianv others yet undiseoveied—jns’liaps soiin' m the Pie- 
Cambiian slates' 

One may infer llie ciicumstanees iindei vlucli llns unusual dejiosd 
formed Muds so fine ol f>,ia]n and so iich in decayiufr oraainc mallei 
must have hniued a sidl, oozy sea flooi, deficient in o\yf;cu and icck- 
ing in hydiogen sulplmle Oeeasional stoim waves shii inf> (he hoUoiii 
muds hbciated the IMS and allowed it to use towaid (he sui lace, 
poisoning such swiiiiining oi floating organisms as weie jiresent The 
locality ol Mt apta was inobablv a dejuession somewhat decjiei 
thiiii the suiKuniding sea flooi, and when the dving organisms diiKed 
into it they settled helow wuim' base and weie iieiei again disliiihed 
Because ol tlu' poisoned watoi, no scavi'iigins w’cu' piosent (o devoiiv 
them and so they rcmaiiicd whole, with limbs and olliei delieale ap¬ 
pendages iiilael- C(iiiip.iiahh' mass dc'stmeiion ol oigaiiisms by IMS 
gas using liom mud bottoms lias licen ubscuved in modern seas 
^ Stage of Evolution Represented. Altliough the vast h'ligtli of 
Pie-Camliiuin time was not .siisjicctccl when Waleutt, m hS<)0, first 
buiiight out the neliness ami vaiiety ol Rarly Cambi'ian lile, the ko- 
ologist Biooks e\elaimed tliat these foinis, instead of lieiiig “the sim¬ 
ple, unspecialized aiieestor.s of modem aminals, aie most intensely 
modem llicmsehi's m (he zoological sense and belong to tlie same 
Older ol imtuic as that wliudi jnevads at flic pio.sent day ” Ohvioiislv 
the cvideiiees ot the truly jnmiitivc stages of life and of then dillei- 
entiatiou into the gieat jihyla must be sought far earlier than the 
Cambrian It n, a tantalizing thought that jiiobalily far moie tlian 
half the diaiiia of (wohitioii had been cnact.ed licfore the using cm tain 
gives us a clear glimpse into tlic Cambrian scene 
Even though i( is now established I,hat a great vaiicty of animals 
must have CMsteil m (he Pioterozoic era, the sudden aiipcarance of 
abundant fossils m (,Ii(‘ Canibiian is rcmaikahle Proterozoic fossils 
aic cliiedy tliosi' ot lowly, Inue-sccrcting algte, with possible rcpi (>- 
sentativcs of tliicc aiuimil phyla, the piotozoa, sponges, and -worms, 
but the Cambiian slrata of Ninth Amciica alone have yielded at least 
1200 different kinds of animals, including sponges, coelenieiates. 
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woims, brachiopods, gastropodb, cchmoderms, and aithropods The 
difference implies that some gicat change took place in Ihe organiza¬ 
tion of animals during the inteival between the Protciozoic and the 
Cambiian This undoubtedly involved the use of external armor m 
the foiin of shells of chitin (a nitrogenous substance similar to oui 
fingernails) oi of calcium caibonate Proterozoic animals weie prob¬ 
ably unaimored and, thcrefoie, like the soft-tissued creatines of the 
Cambiian, were scaiccly cajiable of picseivation except under extraor¬ 
dinary conditions The great variety of such forms m the Middle 
Cambrian Biugess shale, most of which aie recoided nowheie elbe, 
shows cleaily how abundant and how varied soft-bodied animals may 
have been m Pie-Cambrian time The suddenness of the appearance 
of armor in seveial phyla at the beginning of the Cambiian may be 
raoio appaient than leal, for the iiitcival preceding the Cambiian is 
one of the greatest hieaks in the geologic iccord and probably repre¬ 
sents many tens of millions of years during which the evolution of 
shells was taking place 

The cause of the development of shells in many stocks of animal life 
in the time between the Protciozoic and the Cambiian has been a suli- 
jeet of much speculation Biooks has suggested ‘ that betoic this 
tune marine animals wcic chiefly small free-floating or swimming 
creatures like the larvai of existing types, and that near the close of 
the Pioteiozoic they began to inhabit suitable parts of the shallow 
sea floor, then rapidly incieascd in size, experienced foi the first time 
the effects of crowding and keen competition, and hence icquned pro¬ 
tective armoi It has also been postulated that the Pre-Cambnan 
oceans may have been so deficient in dissolved caibonates that limy 
shells could not be formed, that the lime brought to the sea by riveis 
may have been chemically precipitated as fast as it was supplied 
because of the decaying organic matter on the sea floor before scav¬ 
enging types of life had developed ® This hypothesis does not really 
solve oui problem, however, because even in the absence of lime, ani¬ 
mals could still make their shells of chitin, as, m fact, most of the 
Lower Cambiian types did Moreover, the abundance of deposits of 
calcareous alga; in Pioteiozoic foimations lather strongly contiovcits 
the suggestion of a deficiency of lime in the oceans 

The development of actively predacious habits may have been the 
first great stimulus to the development of protective armor It is not 
impiobable that all Pre-Cambrian animals weie herbivorous or scav¬ 
enging, and that the development of the active carnivorous habit co- 
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incidcd with the great change that marks the lubi intcival bcfoic the 
Cambi lan 

Faunal Realms. The modem .shells along the New Faigland coast 
aic entnely different flora those to be found on tlu' coasi, of Oabfm- 
nia, because the Atlantic and Pariflc oceans have been effeclivelv sep- 
aiatcd by land barricis while the modem siiceics weie evohrag Thus 
each ocean has become a gio.at lairaal realm .so far as ilie raaniie in- 
vertebiates aie concerned How great the iairaal dilleieiices aie is 
stiikingly shown at Panama, where Dali has listed .'ll? hi)eeies ol sliell- 
bearmg invcrtcbiates from the Atlantic side and R05 fiom (lie Paeific, 
yet finds but 24 common to both oceans, tlmiigh the liainei is h'ss than 
50 miles across 1 Obviou.sly, marine animals could migiale moic easily 
fiom our Atlantic coast to that of Europe than by way of tlie Aictic 
01 Antaictic into the Pacific Accradmgly, tlieie is mneh closei re¬ 
semblance between the modem maime faunas of wc>s(ein hhiioiie and 
eastern United States than between those of the east and west coasts 
of Noith Ameiica It is tberefoic clcai (hat, dining a subineigcncc of 
the continent, a sea which entcicd the mlciior lioin (he Allanlic realm 
would bring animals quite distinct fiom tliose ol a ucslcm staiwav 
Some of the Cambiian faunas show Ibis distinction cpiilc as derinilelv 
as the modern ones 

The Eaily Cambrian oceans seem to Iiuvc been somcwiiat openly 
eunnected, so that iiiLcimigiation was easy and the leading ly])Cb ol 
life aie much alike in various paits of the win Id The I'aunus of this 
epoch are tlicieforo said to be cosmopolitan On tlie craitiaiy, the 
Middle Cambrian faunas of tlie Pacific and Atlantic realms aie hugely 
dilfeient The lorinei is chaiaclciized by tlie large-tailed liilolutes 
of the tribe of Bathyuriscus, nunc of which is picsent in the Allautic 
realm In the latter, vaiions species oi the tiilohite Piniulouitc^ me 
common, though none has evei Iiccn found in the Pacific realm Tims 
it IS known that the Acadian trough m Aliddle Canibiian time was 
flooded fiuin the Atlantic, bringing Piiiudoiules into this seiuva 5 ' 
across Newfoundland, Nova Scotia, and eastern New England at least 
as far as Boston (and by way of a special trough into nortlierii A^cr- 
inont), with species closely allied to (hose of hhiropc' The souLlicru 
part of the Appalachian trough at the same time eoiilamed no Paia- 
doncles, but was inhabited by genera that occur in (fie Coidillcian 
Liough and the Pacific lealin 

The distinction between realms is ccpially clcai and more stiikmg 
w'hen we come to the Late Cambrian and find the DiKelocepludiii 
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fauna spreading from the southwestern margin of the United States 
across Nevada, Texas, and Oklahoma, northward into Minnesota, and 
eastward into the Appalachian trough, while in Europe the contempo¬ 
raneous seas swarmed with the tribe of Olenus, anothci laige-tailed 
form 

Within each gieat realm there are provinces less shaiply isolated by 
diffeiences in tempcratin e, depth, facies, or salinity Thus the modern 
fauna of the Florida coast is unlike that of New England or Labradoi, 
and even the two sides of Florida have somewhat diffeieni assem¬ 
blages A veiy slight change in salinity makes a great difference m 
the richness of the faunas of Long Island Sound and the New Jersey 
coast Likewise, changes in temperature, due to Cape Cod’s deflection 
of the cold Labrador current from the coast, aie icsponsible for a 
marked difference in the faunas of the eastern and southcin coasts of 
New England In the same way, an embuyment fiom Hudson Bay 
would bung into the continent a vciy diffcicnt life assemblage from 
that of a Gulf embayment, though both would have the general im¬ 
press of the Atlantic realm 

During the early stages of any general submergence, we should, 
therefore, expect localized faunas in distinct cmbayincnts Should 
two or moie such cmbayinents eventually unite, the faunas would 
mingle, a keen struggle between competing tyjics would ensue, many 
species would become extinct, and the icsultant fauna would take on 
a moie cosmopolitan aspect This was the case in Eaily and m Late 
Cambrian times Many of the appaiently sudden changes in the 
faunas of the geologic past probably mean not so much a break in time 
as a clownbrcaking of baniers and an ingiess of migiants 
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Ptg B (inght) Mtehlle Ordovician (Black 
Kivt\-T\inmiaii) palcogeogtafihy oj 
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matte mpUcations 



Ffg S8A (left) Early Ordovtctan (MicU 
Canadian) pahogeography Land ateax 
lightly \haded, shallow seas deeply shaded, 
deep sea honcsontally Itned Present outcrops 
are m solid black 
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THE ORDOVIC'IAN PEIUOD 

"Yps, hiinll m M/c ucic iiuisl cicitU'd IhiiijiH 
And bhcdK and couilliiu's llii' diicf of Ihosc” 

—T A CONIIM) 


Physical HiSTOin of Noiitii Ameuicv 

Greatest of All Submergences. The ])ost-Cainl)n!iii einoi genre 
was only teniporary The coiilinonl still lay hut little iilnoe bt'ale\el, 
and the Ordovician subnieigeneo hiouglit nuinne waters eieepiiig in 
over the lowlands from cast, west, noilh, and south in sliallow eiienie 
seas that first flooded the geosyneliiics and eveiilnally spiead mei 
much of the intcrioi, covering at the nuiMiniiin hilly hall ol Lhe pres¬ 
ent continent and rodueing it to a group of gieiit islands almost avash 
with the sea (Pig 8801 No othei suhiiK'i geiiee 1ms heeii rpiito so ex¬ 
tensive in North Ainciica 

Because of the flatnosB of tlie eontinent, slight local wmpnig giamlly 
altered the outlines of the shallow epeiiie smis, a few hud of dejm's- 
sion pioducing embaymonts of eonsideiuble (wtimt, and slight iiplilt 
tiansforniing great aicas of the shallow sea flooi nilo land As a re¬ 
sult, the shoiclmcs shiltcd back and foith over the nileiioi of the con¬ 
tinent, and the paleogcogiaiiby is veiy coinpbeated ni its details 
Many maps would bo icquircd to present tinUilully the slow ebb and 
flow of these marine floods The tince maps lieie prcsenled (Fig 88) 
indicate but three temporary stages in an cver-ebanging scone Each 
shows a time of mam submcigcncc m a distinct eiioeb 
The eaily Ordovician seas cnteiod the geosyrndmes fust and there 
left an imposing record of (liiek limestones and dolomites, Init the 
marine waters also spilled over and at tunes spread widely across the 
central and castcin pait of the United Stales 
The gieatcst submergence came iluniig the latter jmrt of the Tjate 
Ordovician, when a vast sea siircad southward from the Arctic ueioss 
central Canada to join the southern cmhayiiicnts that oeeuincd much 
of the United States Dining this time Appalachia was steadily using 

15.5 
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into raountains, and at the end of the period the noithein part, at 
lpaf,t, was strongly thiust westward as the Taconian disturbance 
reached its culminaLion As a result of this iipliit and the consequent 
rapid eiosion, the Appalachian gcosynclinc wars filled with sands, 
muds, and gravel, and in the vicinity of New York and Pennsylvania 
H vast delta {Queenston delta) grew westw'aid until it crowded back 
the slioichne to a point west of modern Niagaia Palls (Figs 88C, 99) 
Four Stable “Domes.” In the midst of these extensive seaways 
four relatively small aieas stood out as persistent lands These were 
(1) the Ozark dome of southeastern Missouri, (2) the Highlands of 


t N D ! A N A OHIO 



11 111 ll Orb UilillJ Sil Bffl Oer CHIj/Uiss dUPenn 

Fig 89 Block dingiam sliowmg m its fiont face a west-sast suction acioss the Cmoin- 
nati aioh near Cinoinnafr, Ohio Length of section about 215 miles, voitical scale about 
8 times the horizontal Adapted fiom a seetion by G D Hubbaid 

Wisconsin, (3) the Adirondack dome of noitheastern New York, and 
(4) the Cincinnaii arch, with its southein extieniity sometimes distin¬ 
guished as the Nashville dome Fioin the viewpoint of isostasy, each 
was a positive aiea tending to rise slightly as the surrounding regions 
subsided Although none leached mountainous heights, all persisted 
as landmarks throughout most of Paleozoic time, flanked about by 
successive epeiiic seas They are now aieas of relatively ancient 
rocks encircled by younger strata that dip gently away from the cen¬ 
tral area, and for this reason they are spoken of as domes or arches 
(Figs 89, 81) 

The most significant of the four w^as the Cincinnati arch, which ran 
northwaid from the vicinity of Nashville, Tennessee, through Cincin¬ 
nati and western Lake Eire into Ontario, thus paralleling the western 
side of the Appalachian geosynchne At many times during the Pale¬ 
ozoic eia it served as a baiiici separating the Appalachian seaways 
fioin those farthei west Even when partly submerged, it formed a 
threshold to limit the wostwaid spicad of dctrital sediments derived 
from Appalachia 

The Cincinnati aich was never mountainous, oi even a highland 
(Fig 89), and it seems remarkable that a stiiictuie so broad and low 
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should have been so pciMstcnL It begun to fonn duiiiig the Middle 
Oidovician, was definitely ouLlmcd in the Silunun, and wus fuither 
elevated at diffcicnt times during the renuundci of the Paleozoic cui 

Temporary Emergences and the Subdivisions of the Period. 
Twice dining the pciiod there wus gentle but uppuieiiLly eoiiiplele 
emeigence of the coiiLment During these inieivals the Ireshly foiined 
sediments were exposed to eiosion and locully more oi less widely le- 
moved, though no loldiiig oi pronounced uplilt distotled (he exjiosed 
beds At the same time theie wus ciowding of the munne inveili'- 
biatcs upon (he sluillow eoutineulul shelves and inori' oi less i ajnd 
evolution as divcise eimgiants honi the epeiiie seas were diiven into 
competition As a result, the following siilmun genee ui ciieh iiislancc' 
1)1 ought into the new seaways luuuigiant faunas m winch (he species 
and many of the gcncia weie unlike those ol (he ]uevioiis iinasion 
Thus, as 111 the Cauihnaii, (lie Oidovician systi'in of loimalions is 
dm&iblc into tliieo sciies, each separaled lioin (he next, hv a wuli-- 
sjiicad (though not piolonged) stratigraphic lircak, and each maikcd 
by distinctive faunas 

The Eaily Oidovician has been uainod the CdiKulum vporh foi c\- 
pofeuies in exliemc soutlK'aslein ('aiuida, the Middle Oidovician is 
known as the Cliauiplanuan epudt for its sinking deM'lopmeiil. along 
the Cliaiuplain Valley, and the Jade Ordovician has lieeii (idled die 
Cincinnatian epoch /oi exposmes about Oincmiudi, Ohio 

The system is cxc'e])lioiudly well di.splayed m New' Yoik State, 
whcic it was fust comineliensively sludied and (dassified Th(‘ siie- 
ccbsion of foiniations theie exposed is Uierelore legaided as the li/pe 
or standaid kccLion, with which otheis m America aie coinpaicd 
From tins icgion also many of the Ordovieuiu names aic (lern’cd 

Taconian Disturbance and the Close of the Period. Ounng 
the Oidovician pciiod Appalachia was using again, at first slowly 
and then w'lth accelciation This, the Taconian distuihniu r, cullin'- 
nated at the close of the ])enod in a cliam of lold moimlains (hat 
extended fioin Newfoundland tluougli the Maiitime I’lovmces of Can¬ 
ada and New England and leaehed at least as f.u soulJi as New .Tei- 
sey It lesuKed in close folding and w'estward overlhrusling of the 
older rocks that now occipiy a dislanhed licit along llic south side ol 
the St Law'icncc and the east side of the Hudson Valley (Fig 00) 
Remnanis of such oveitliiusts may still he s(>eii m the Ihieoiiie Range of 
eastern New Yoik and in the slialc belt of eastern I^eunsylvania to 
the noiLheast of Harrisburg^ Sir AVilliam Logan long ago recognized 
that a great thrust fault follows the SL Lawrence Valley, scjiaiating 
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the intensely deformed rocks of its south shore from the relatively 
undisturbed ones on the noiih side. This dislocation has since become 
known as Logan’s line It was the locus of late Oidovician over- 
thi'u&ting (Fig 90) 

The disturbance began eaily in the peiiod with local waiping in 
noithern Vermont and spread northeastward into Quebec and Ncw- 



Fig 90 Logans Line, to the east of which the Ordovician and older strata aie in¬ 
tensely deformed The modem Tacoiiic Range is a lemmiiit of a late Oidovician thiust 
^eet, and die Hamburg IClippe is believed to bo a southern remnant of similar oiigin 
Data fiom E B Knopf and fiom Geoige W Stose. 

foundland, wlieie submarine thiust faulting gave rise to talus and 
landslide deposits on the sea floor, these deposits aic now preseived 
as limestone breccias, locally of gieat thickness and of lernaikable 
coaiscness, embedded in dark shales (Fig 91) The icgional uplift 
in noithein Appalachia stimulated eiosion and resulted in an enor¬ 
mous volume of detiital sediment being earned into the geosynohne 
During the Eaily Oidovician, these sediments were mostly fine dark 
muds, but as uplift continued, they included more and more sand and 
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Ftg 91 Cow Head hieccia, a talus depout inultmgfiom sukmaitni tliiust fuidtmg 
duiiiig Ordovician time Cow Head Island, westeiii Newjoumlland ILimimr 
above centei gives the scale 


gravel and finally culminatod m i.liirk wiiulstonos tiiid I'oiigloiiu'iiiLeK 
of Late Ordovician age that hproad widely over al'('u^ wlieu' liiuO' 
stone had previously been foniimg 
This first generation of Appalachians no longer ovists as mountains 
The highest peaks disappcaiod through erosion heforo hall a geologic 
period had passed, and the late Siluiian sea advanced o\ei' the |icne- 
plancd folds, hut a record was left in (11 the iineonfonnitv between 
Oidovician and younger locks m the dislurbed aica and (21 Ihe coarse 
detiital sediments deposited in the geosyncliiie 
hlost of New England and Maiitiine Canada suflurod tvo lalci dis- 
tuibances, one in the Devonian and another m the Pciinian, and these 
largely mask the icsults of the Taconian distui bance, but in sereial 
places along the western maigin of the disturbed belt, Ordovician foi- 
inations can still be seen in folds tiiincated by erosion and merhun 
nitli striking uneoiiforiuity by Riliiiuin or younger beds Einc exam¬ 
ples may be obsoived along the Hudson Yalloy fioiii Kingston to 
Catskill (Figs 92 and 93) In eastern Quebec (Claspe), also, the 
Ordovician formations arc inncli moie inetainorphosed and deforiricd 
than the Silunan and commonly aic overlain by Ihc latter with angu¬ 
lar discordance These relations aie well shown in the Matapedia 
Valley and farther cast along the Bay of Chaleur 
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Volcanic Activity. The Taconian distuibance was accompanied 
by volcanic activity, the first recorded m this region since befoie the 
Cambrian Local volcanoes weie in eruption in early Middle Ordo¬ 
vician time, spreading ash falls over the Appalachian geosynclinc fiom 
Alabama to New York, and even as fai west as Wisconsin, Minne¬ 
sota, and Iowa In cential Pennsylvania, ten such ash beds have been 
recognized, intercalated in Middle Ordovician marine limestones (foui 
in the Black River group and six in the Ticnton group)and in Ala¬ 
bama two are lecognized The ash beds vary in thickness up to nioic 
than 7 feet hut commonly aie only a few inches thick A basic lava 
flow is associated with one of the ash beds near Jonestown, Pennsyl¬ 
vania,’ and pillow lava occurs in Middle Oidovician shales at Stark’s 
Knob in eastcin New York, the greatest display of volcanic activity, 
however, is found faither to the northeast, m Quebec and Newfound¬ 
land In the Bay of Chaleur legion of eastern Quebec, the Mictaw 
group IS made up of shales and volcanic Luff of gieat but iindeter-' 
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Fi^ P2 Umonjcumble iontact «/ Upper Stltirtan (Maiikus) Itmestone on Middle 
Oidoi/icisn (Hudson Rivet') shale at the Alsea qiiatiy, south of Catskill, New 
Yetk The Silitiian beds stiike N 31” E and dtp 20°N1V, uibeiiits the Oido- 
mian beds sutke N5” E and dtp 55° E 
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Fti, n Vnmjormable contact of Upfei Stliinan (Manltus) hmettone on clotely 
felihd Middlt Oidoi'tcian fHudmi Rrnei) thak at Biciaft Mountain mm Hud- 
ton, Hiw Yolk Wlnlt dots follow the contact nrp and ttiike synd/olt in white 
show niuctiiH at two placet wheie the thak tt cn/nipled ami chtely folded 


mined thickness Eastcin Ncwfouiicllanrl has luff and pillow lavas 
intcrbcdded with graptolitc shales and lossihfcioiis hnicsLnnes nf Mid¬ 
dle Ordovician age, and such volcanic rocks spicad widely across the 
cenler of the island Pillow lavas and agglomoiaic of great thick¬ 
ness are associated with the Ordovician sediments from Bay of Islands 
south to Poit an Port Bay on llic west coast of Newfoundland (Fig 
94). 

Climate 

Few species of aminals or plants now range from southern United 
States into Canada, and jnobably none save man and lus dog range 
from the subtiopics into arctic latitudes Alligatois and palms do not 
live in Greenland, nor musk-ox and walrus in Florida, foi each la 
imprisoned by the limits of a definite climatic belt. Ordovician 






162 


HISTORICAL GEOLOGY 


faunas!, however, show little regard foi latitude, many of the same 
species occuriing in Kentucky, southern Ontario, the Mackenzie Val¬ 
ley, and northern Greenland In the Uppei Ordovician limestones 
theie are small ooial reefs widely disti’ibutcd throughout arctic Canada, 
fiom Manitoba to Alaska and northern Gieenland, all made of a few 
common species some of which occui also in Wyoming and New 
Mexico We can not escape the conclusion, tlieicfore, that climatic 
zones were less marked then than now, and that arctic America was 
not ice-bound at that time The wide distribution of vast limestones 
and dolomites bears the same implication, foi if paits of the oceans 
had been much warmei than others, they would have been the chief 
places of limestone deposition 

Tillites m the Varangcifjoul region of noitliein Nonvay, long 
thought to be piobably of Ordovician age, aic now known to be piob- 
ably Pie-Cambiian.* 
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Fig 94 FtlUv! lavas mtirbsddid mth Middle Oidmctaa strata mat the moti.h 
of Fox Island River, Fait au Port Bay, western Hewjmmdlaml The dashed line 
follows the contact between two flows The steep dtp ts due to post-Oidovtaan 
deformation 
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Nature and Distribution of the Ordovician Rocks 

Canadian Formations. The Lowei Ordovieuiii sliatii piescni two 
strikingly diffcicni facies (htliologio expressions), the one of cliiik 
shale, rich in giaiitolites, and the other of dolouule with liiuy-shellcd 
fossils 

The dark-shalc facics occiiis to the south of the St. IjawTeiiee River 
all the way from Gaspc to Qiichce City and thence southward on both 



Fig 95 Charactei i‘ 3 tu' foui-biancljcd colonios of the RiaptoliLe 7V/? auuifiluH {/iVdf/ia/ibfs) 
on a slab of black shale Lowei Oidoviciaii, wcMleiii NowfoiiudhuKl Natnuvl M 1 / 4 O. 


flanks of the Notre Dame and Giccii mouiitains through Vermont and 
eastern New York to New .Iciscy It leprcscnts the fine daik mud 
derived from Appalachia and deposited m (piicL, stagnant w'utei along 
the eastern maigin of the Appalachian geosyiicline The presence of 
the four-branched giaptolitc genus, Tetiaqraptua (Fig Q5), distin¬ 
guishes it readily fiom similar but younger shales, and at the same 
time shows a close connection witli similai deposits ot the same age in 
western Europe 

These dark stiata are the DeepkiU .shales, so named foi a locality 
in New Yoik but also widely leeogmzcd cl.sewdicre in easiorn Noith 
Ameiica Thioughout eastern Quebec they boar a iiumhoi of iiiLcr- 
beddecl layers or lenses of limestone breccia that have licen the olpcet 
of much speculation The limestone fragment aic angulnr and show 
no bedded aiiangement or size sorting, yet their fossils indicate that 
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some wore denved fiom Lower Cambrian foiinations, others from 
Upper Cambiian beds, and the majoiity fiom Lower Ordovician for¬ 
mations only a little older than the enclosing shales Since the fi ag- 
nicnts are not rounded, they could not have suffered long transpoita- 
tion, and since they wcie derived from formations of widely different 
ages, orchnaiy crosional processes could not have brouglit them to¬ 
gether In Newfoundland thick and very coarse breccias of this typo 
have been found actually associated with subinaimc thrust faults 
Avhero they accumulated as talus or landslide deposits in fiont of the 
overthrust masses Probably the breccias in Quebec also owe thou 
origin to tbiust faulting, either on the sea floor or in adjacent Appa¬ 
lachia 

The Deepkill shale is now limited to the countiy south and cast 
of Logan’s hne and can not now be traced into calcareous deposits of 
the same age Immediately to the northwest of this distuihcd zone 
the Lower Ordovician is well developed but m a dolomite facies that 
extends down the Appalachian tiough from Quebec City through the 
Champlain Valley into New York and Pennsylvania and thence to 
Viigmia and Alabama In tins trough it ranges fiom about 1500 
to moie than 4000 feet thick and is divisible into numcioiis forma¬ 
tions that bear local names The dolomite is light gray in cohn and 
has seveial peculiaiities At various horizons the beds aic imicl- 
cracked, indicating that the sea flooi was repeatedly exposed In 
many places thin polygons loosened by the desiccation ciacks were 
swept together by leturmng cuirents to foim lenses of “edgewise 
conglomerate” (Fig 90) Ciyptozoon reefs are very common and 
widely distiibuted (Fig 97), but othei fossils aie as a lule extremely 
laic There is almost no detrital material Quite clearly it is a raa- 
iine deposit, yet the water was extremely shallow and the sea floor 
was frequently exposed over wide aicas Similar deposits in Okla¬ 
homa, Texas, and New Mexico indicate a remarkable extent of the 
same peculiar enviioninent In the Ozaik icgion, and fiom there 
1101 tliwaid into Minnesota, the Canadian formations aie likewise pre¬ 
dominantly of dolomite and beai abundant Cryptozoon deposits 

In the Canadian Rockies both the graptolitic and the doloinitic 
facies are well shown, the latter repicsented in the center of the 
geosynclmc by clierty limestone and dolomite (Sarbach formation), 
which, farther west, near the old shoreline of Cascadia, grade over 
into gray and black shales (Glenogle formation) carrying the TeLm- 
graptus fauna 
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Post-Canadian Emergence Nowlicic in North Anicnca ib there 
I any cviflenee ot Liansii.nm sliaUi lioni the (’/uniiduui into t!ie Cliiiin- 

plaiman Thcie is a (‘oniplete Inuak licrc, winch means that the whole 
i continent was diy hind loi a lonu, tune How long can not be told, 

I hut the iiiaiked dilleience lietween (he liiuniis ol the (hiiuulian and the 

' Cliaiupliiiuian indicates a consnleiiihle lapbo ot time It is for this 

iciisuii that some btiiitigrniiheis are niclmed lo legiinl llie ('anaihiin 
as a dihtinct iieriod 

Champlainian Formations. The Middle Oidovioiau loniiatioiis 
generally picscnt a eoiilrast with the loeks helow, heiiig iiiohtlv Imie- 
slune and caloaioous shale instead of dolonnU' limvevei, along llie 
eastern bolder of the old Aiipalaclmin geohyncliiic they alho piesent 
i a hlack-bhalc facies all the way fioin New York lo Alaliama Local 

names aie used loi the wliole oi vmious pail,s ot this laeies lu dillGi’oiit 
legions, but they refer to pmhs of a cimliiaioiw holt ol dark shales that 
leprescnts the fine mud eroded iimn Appalaehia and doposiled neai llie 
bliui'c while hmcsLcines w'erc hnnnng hutliei west This ih the lowei 
pait of the Mai'tiushuig shale' ol the "slate belt” ol New Jeisey and 
tliu ecnliul Aiipalaeluau icgion and tlic eiiuivaleiit Numuinskill and 
Canajohaiie shales of New York 

I'Blink sliulcs ol Lowei Ouloviiiiui iige li.oe also lii'iii eiioni'iuhl> I'lntuiiird 
( in the MnUiiisbuili lli pliiees in the ceiiti il A|i|iiiliu loan lecioii 
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Fi/; H Ed/eti)iie conglmemti, a de[mtt wiiilt oj rim ihtpi of muiomhil layeis 
iwtpr regether hj the ciinmn aflei a pciml of tmerf^uia Deaclimd faimritmi 
(Upper CmhiMti), Black Hilli, South Dakota 
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Between Albany and Utica, New York, the hlulfs of the Mohawk 
Valley show a complete lateral gradation of black shale (Canajohaiie) 
into tlic Trenton limestone “ as repicsented m Fig 98 To the south in 
the Appalachian trough the same rclatinn exists between the lowei pait 
of the Maitinsbmg shale and the Mid-Oi dovician limestones faithcr 
wc&t Since the shales and the limestone inteifinger in a broad tiansi- 
tion zone, it is evident that they aie of the same ago and were formed 
in an open seaway with no baiiier between, the mud settling near 
shoic and the puicr, hmy sediment faithci out It is intoi'csling to 
note that the upper shales spread moie and more to the west at the 
expense of the limestone This reflects the fact that Appalachia ivas 
aheady beginning to rise m Middle Ordovician tune and was being 
stiippcd of its old mantle, which was being caincd into the Appa¬ 
lachian seaway m ovei-increasing volume 
West of this shale belt the Middle Oidovician is gciieially limestone 
thioughout oastern United States, tending to pass locally into dolo¬ 
mite in the iippci Mississippi Valley Two gi-oups aio widely iccog- 


CARL 0 DUNDAR 

Fig. !>7 S'uifun ef a Cijiptiizoii.i ritf tit tht Lowtr Oidmcian ddmitt aim Foil au 
Foit, westem Neivfciindlaiid The beds have been tilted to the right by post- 
Oidaviaan dcfomatimi 
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nized, the older (Chazyan) being named for classical cxposmes in the 
Champlain Valley of New Yoik, and the younger (Mohawkian) fni 
the extensive display along the Mohawk Valley 
Cincinnatian Formations Throughout eastern United States the 
Upper Ordovician foimations show a lurther cluinge lioiii limestone 
to shales and sandstone, relleeting the jiiogiesBive uplift in Appalachia 
At the beginning of the epoch mud swept westwaid as iar as Cin- 



Fiq 98 Idciilizud ‘luclioii luios^i ccnOal piistoiii Now Yoik, ■slunviiiK cIuhikoh of facios 
m the Middle and Utipoi Oidovioiau foimations icsultiiiK fiom tlio kiowhik uplift in 
Appalachia At tins latitude a now-buiied oxtoiision of the Adiioiidaik auh foinu'd a 
thiechold foi a time botwooii tho Appalaclnan geosynclmo and the shallow sea (looi failhoi 
west This iidgo was later mibineigod, and daik nnids tlien spiead fai to the west As 
Appalachia continued to use, sands also spiond faithoi and liitliei, loachmg west of 
Oswego late in the pouod Veitiual acalo gicatly cxaggeiatcd Uala fiom papois by 
Mai shall Kay 


cinnati, foiming black shales m the Appalachian trough and bluish 
calcareous shales farther west While shales and thin-ticddccl lime¬ 
stone continued to foim in the longitude of Cincinnati, the sediments 
to the east became coarsei and coarser, finally passing into conglomer¬ 
ates and noiimaime sandstones 

The Queenston Delta These higher Ordovician sediments of New 
York and Pennsylvania represent pait of a laigc delta foimcd on the 
west side of Appalachia, as shown in Fig 99 Duimg the fust half of 
the epoch tho landward pait of the delta was vciy small, and the sedi¬ 
ments were laigcly, if not cnliicly, inarino As erosion incicascd m 
rising Appalachia, however, the slioiclinc was ciowdcd gradually 
westward until a low delta plain stictclicd fiom the foothills to beyond 
the region of Niagaia As the region of deposition was slowly sub¬ 
siding, sediments accumulated over the landward front of the delta 
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as well as over its submerged portion Those in the former region, 
undei the climatic environment then obtaining, weie largely oxidized 
to a red color, whilG the submaime sediments lemamed gray Tims 
the barren, lod Queenston shales (now exposed m the base ot the 
lower gorge of Niagara) aie contemporaneous with fossilifeious Rich¬ 
mond beds of the Lake Huion and Cincinnati icgions Iiicguhu 
subsidence and building at the delta fioiit caused a to-and-fio inigia- 



JiG 90 SteieogKun of the Queenston delta as it would have appealed at the close of 
the Oidovician period The viewla noith acioss Pennsylvania and New Yoik states and 
the eastern Gjeat Lakes A paifc of the old Taeoman highland is shown at the extiome 

111 ^ j paited along an east-west cut, and the names of the chief 

Middle and Late Oidovioian foimations are indicated on the veiLical faces exposed In 
these sections the nonmai me deposits are m dai kei shading than then inui me equivalents 
Length ot fi ont face, about 600 miles 

tion of the shoreline as the deposits grew, and as a lesult the Queenston 
and Richmond formations mtei finger over a hioad transition zone m 
Ontario 

Dolomites of the Cordilleian and Arctic Regions Beyond the limits 
leached by the sediments fiom Appalachia, the seas weie geneially 
deal, for the western lands remained low As a result, the Upper 
Oidovician is represented thioughout the Rocky Mountain icgion and 
aictic Canada by a icmarkably widcspicad and homogeneous forma¬ 
tion of massive, cliff-formmg dolomite In the northern Rockies of the 
United States, this .s known as the Bighorn dolomite It is recognized 
unclei local names firm iioitliem Mexico to Alaska and northwestern 
Gieenlaiicl, and, stiar.gely, ovci tins vast area it seldom exceeds a 
thickness of 300 feet Its fauna is eveiywhere much the same, con¬ 
sisting of ooials, ceph.alopods, and large gastropods 
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Mineral IIesources 

Petroleum and Natural Gas. The discovery of petroleum, just 
l)Gfore the days of the Civil War, marked the beginning of an mdusLiy 
that was destined to change the coiiise of civilization, for it led to the 
peifection of the intcrnal-coiiibii.stion engine and made feasible the 
automobile, the aii’iihine, and other umaclcs of oiii modem age 
The first oil well was driven in Devonian locks in Pennsylvania in 
1859, and Ohio followed with a “pioneer well” in 1883 that tapped the 
Trenton limestone at a depth of more than 1000 feci and pioduccd a 
heavy flow of gas Tins was followed by the rapid evploibition of a 
large oil field on the Waliasb arch in northwestern Ohio (Lima field) 
that derived both oil and gas fioin Middle Oidovician strata Be¬ 
tween the years 1880 and 1900 it was one of the major Amencan oil 
fields, latci the produclion greally declined, and foi some yeais Oido¬ 
vician locks were not iinpoitant iirodiiccis. 

Since 1920 the Oidovieiaii locks imdci the Mid-Continent oil fields 
have assumed great impoitance m Oklahoma and norlliein Te\as 
The earlier piodiictioii in this region had been from younger strala, 
chiefly Pennsylvanian, but willi decpei diillmg tlie 'Wilcox sand ol 
Ordovician age has proved to he the greatest iirodiiecr m the region, 
and in seveial fields, such as that of the Oklahoma City pool, has 
given rise to spectacular gusheis and pheiiomoiial production 
Building Stone. Most of the .slnle ]noduced in Ainc'i ica comes from 
the great sluilc belt of Oidovician locks discussed above The fine 
muds spread hcie m Ordovician time wcic in places so scpicczcd and 
mctainoiphoscd by latci disiurhanccs tliat they developed a pci feet 
slaty cleavage The thicker and more lioinogcncoiis beds arc quarried 
and spilt into shingles fur loofing oi slabs for eleetrical switchboards oi 
foi othei indubtiial uses A vciy large piuportion (about 80 per rent) 
of the matciial quairied is not suitable foi the market, and the moun¬ 
tainous piles of refuse m the slate belt form an imposing nionuincnt to 
the industry The chief pioducing states are Pennsylvania, Vcinaoilt, 
New Yoik, and Viigmia In 1939 more than 531,380 tons of slate were 
pioduccd, with a market value m exce.ss of |G,080,000. More than 
iiinc-tciiths of this slate was of Oidovician age During the war years 
the use of roofing slate declined, but mdustiial uses inercascd, the 
total value in 1915 being ovci IfG,658,000 
Limestones and dolomites of OrdoAucian and Late Cambiian age, 
widely spread in the great Appalachian Valley, serve so many uses 
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that their aggicgate value would be difficult to estimate Besides 
fuinishing constructional stone for local use, they aie crushed foi road 
metal, burnt fur lime to use as fertihzci, whitewash, or moitar, used 
for flux in the reduction of non oies, or mixed with shales in the manu- 
factuie of cement 

It IS a striking fact that most of the marble quaiiied in the United 
States for interior dccoiation and fimsli trim is of Ordovician age 





Pig 100 Bntranfe to a raaiWo quai ly dfc Proctor, Voimont Similai quan les in tins 
legion follow steeply dipping beds of puie maiblo to depths as gieat as 300 feet The 
age of this marble is early Middle Oidovician (Chazyan) 

The gieatcst quanies aie near RuLland, m south-central Vermont, 
where immense undergiound mines produce most of the “American 
Caiiara” (Figs 100, 101} Although the stone is of Ordovician age, 
its metamorpliihin from limestone to marble was accomplished by 
orogeny that came later Pink and deep red "maibles” for decorative 
interior finish are secuied flora the Middle Ordovician of eastern Ten¬ 
nessee, and black “marble” is quarned fiom noaily equivalent rocks 
on Isle Lamottc m Lake Champlain Very fine raaible is also quarried 
from Oidovician rocks near Yule, Coloiado The annual pioduction 
of the Ordovician marbles in noiraal prewar years exceeded $5,000,000 
in value. 
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Ore Deposits No important mctallitcrous deposits of Ordovician 
age aic known in Ameiica except the sedimentary non oie of Belle Isle 
in eastern Newfoundland Heie the Lowci Ordovician strata include 
SIX zones of red oolitic heinatiLc that range from a few inches to 50 
feet in thickness The mines now extend under the sea The annual 
output avciagcs ovci 1,000,000 tons 
Lead and zinc ores occur m the Middle Oidoviciari dolomite in 
Wisconsin and northwcstcin Illinois, but since they wcie foiiiied dui- 



Vermont ^tnrblf Company 

Fia 101 AiliiiRtoix Mcirioiia[ Ampluthcatie in tlio national rpinntoiv npai WasInnKton, 
D C , the world’s laigost comotciy monumout, couhlnu'tcd of VinmoiiL in.iilih* 


mg a later geologic age, they haiclly deserve discussion in the Instoiy 
of this peiiod 

Life of Ordovician Time 

Primitive Fishes, a Prophecy of Higher Types of Life, The 
shallow seas remained the chief aicna of life as another geologic pciiod 
stretched to a close, for the Ordovician has yielded no proved lecord 
of either land animals or land plants At three widely spaced localities 
m the Cordilleian legion, however, middle Champlaiman rocks bear 
the petiificd bony aimor plates ol veiy ]inuiiLive fishes The fiist 

>■ Although long irgiuded as Middle Oidovuian (Rlack Rivci) (Kiik, 1930), 
Ihis houzon may piovc to be of Laic Oidovician (Richmond) age Fmthci in¬ 
vestigation IS needed 
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locality to be discovered is in the Harding sandstone neai Canyon 
City, Colorado, whence Walcott announced the finding of fish remains 
in 1891 The same horizon has since yielded similar fossils in the Big 
Horn Mountains and in the Black Hills In all three localities the 
bony plates aie very fiagmentaiy and show little of the size oi 
character of their owners, but a comparison with well-prcseived re¬ 
mains found elscwheie in Late Siluiian and Devonian locks shows 
clcaily that they icprescnt the order of fishes known as the OUrac- 

odeinu (Figs 102 and 103) 
Strange as these fish look, they aio 
yet 1 elated to living hagfislies (cy- 
clostoincs) From their fragmental 
natnie and their occuiicnce in 
cross-hedded sandstone, it seems 
probable that they inhabited fiesh 
waters, and aftei rleatli wcic drifted 
by the iivois and bioken up before 
arriving in the maiinc sediments of 
the littoial zone As the most 
ancient lelic of vertebiate life 
they foietell the coming doininanoo 
of higher animals—a prophecy that 
had to wait another geologic 
pciiod foi its fulfilment' 

IF L Bryant Continued Dominance of Marine 

Fia 102 iFiagment oftiiG bony aimoi Invertebrates The shallow ina- 

piato of the oldest known fish, Usoaspis une waters of Oi’cloviciaii times 
(lesideraia, irom the Haiaing sandbtono 

at Cttiiyon City, Colorado Natural size SWai'ined With a lich Variety of in- 

veitebiate animals Although the 
stocks represented in the Cambrian still held the field, a numbci of 
new classes sprang lapidly into piominence, notably the giaptolites, 
tine coials, ciinoids, biyozoa, and clams 

The dolomites so widely foimcd during Eaily Ordovician time lost 
the majoiity of their fossils duiing deposition as a result of the dia- 
genetic change lioin calcareous to dulomitic sediment In the dolo¬ 
mites the fossils most commonly seen are tliick-shclled gastropods 
and ccphalopods and Ctyptozoon algal iccfs 
The widespiead, limy formations of the Middle Ordovician contain a 
more complete record of contemporaneous life than any other group of 
the Paleozoic rocks More than 2600 species are known from the 
Champlainian locks of North America alone The host of brvozoans 




TIIK OHDOVICI'VN Pl'.HIOl) 


n.i 

limy-shellerl Iiriu'liiopods, iiiid cnuoid'. Iciuc" a -(ukiiia iiniiias-. on 
thehP faiinaH (’('phaldpod-. and (iiluli]lc>- ‘-iill licld a inmiiuicid iio-i- 
tion, and llu' Iiit'i ii'iic ciiraK made tlu'ii aiipaai'ancc Dniiuij; tin- 
epoch a Kirai!i,li(,-sludli'd cophaloiKid, /.Va/of t/r/s ihu me, .atlaiiicd 

the grctdcsl. m/o of any noatiiiM' of llic ouiIn i’alco/oic world, its 
chambcied hliidl (‘xcocrlinp, a Icnatli of lo 
feet wdth a diaiiudci at the tioiil of ahoiit 
10 mchc.s (hhfj, 101) 

The Upper Ordovician fauna!- le-oinijle 
those of the Oluiinplainnin in tnuieral lea- 
tui'cs, though they are ueithei -o pioiifie 
nor so almndaiit m the muddy iiiul ‘-itmh 
formations of Iho Apimlaeluan Iroiinh nor 
in the dolomites of the West ami the Noilh 
In the Cineiiiiiuti iep,ioii, however, the pio- 
fusum and woiideihil pi'esei\alioii of llte 
Late Oi'dovicnui life have been an inspuii- 
Lion to ainatenr eolleidors and inolessioinil 
geok)y,ists as w'cll 

Geographical Restrictions of the 
Faunas Faunal leahns and pronnoes ex¬ 
isted 111 Oidovieiau tune as in the C’ainhnan 
or the Present, each of the oeeaiis Iniving 
certain geiicia and species of its own, not¬ 
withstanding a World-Wide siinilauty in lh(‘ 
types of life It is possible thus to dis- 
tingiiihii cinbayinents of iVtlautio, Aietie, 
or Pacific KSoiuee tSonic of the hunias ol 
exticinc eastern North Aiiicriea hkewnse 
show much closer affinity to faunas of 
Euiope than to those of intoiior Noilh 
America, which were tdosci geogi aphieaily but occupu'd a distnicl 
ombayment 01 couise, when the intcrioi seas lieeanie as exleusivi' 
as they \vci'g in Aliddle and Late Ordovician tune, Ihe aiiinud- Inim 
diffcient provinces could ungrate and mingle finely until the launas 
became nearly oa&ino])olitan 

Anotlici type of faunal rostrictiou is seen in the stiikiiig cnntrasl 
between conleinpoiancons launas ul black slude and hniestone fi'lic 
black shales aie the deposits of foul, stugnanl niiul bottoms iiixm 
which but few types of animals could live As a result then fossih 
are chiefly the floating graptohtes, along with small iihnsphatic biachio- 
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pods (Ncoti'emata) which may have been attached to seaweed, the 
mud-loving biachiopod Lmqula, and the chambeicd shells ol ccphalo- 
pods which probably floated after death Ceitam types ot tnlobites 
aie also abundant On the other hand, wc find hetc none of the corals, 
bryozoa, limy-shelled brachiopoda, clams, or gasti opods which dwelled 
of necessity upon a solider and clcanci sea flooi and which made up 
the faunas now pic&erved m the limestones and calcaicous shales 



C/iicaf/0 Natural HisUny AlusBum 


Fig 104 An Oidovician sea beach, on winch spcoiinous of the gieat cephalujiod, Endo- 
cercis, aie stianded From, a ijamiiug by Chailcs R Knight. 

This should not be sui'piising, for the modoiii sea floors show equally 
marked local faunas separated only by differences m the bottom en- 
viionment The Bay of Naples, for example, includes a hmy shoal 
known as "Pigeon Bank" which is suiioundcd by slightly decpci 
water with a soft mud bottom Heie there are known 341 species of 
shell-beaiing invcitebratcs (capable of fossihzatmn) of udiich 296 are 
restucted to the hmy shoal and 31 to the mud bottom An additional 
14 species live on both ^ A group of animals adapted thus to life on a 
lestiicted type of sea floor will, ot course, be limited to a distinct type 
or facies of the sediments and is theiefore known as a jacies fauna 
It IS evident that the fauna of a Lowci Oidovician black shale will 
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show more general rcfecmblance ho that of another black shale of 
Middle or Upper Ordovician age than to a limestone fauna of its own 
time Only the inteifingcung of the launas and the sediments wlioie 
one grades lateially into the othci will show the cqiuvalonce of dis¬ 
similar but contempoi aneous facies faunas 
Resume of the Invertebrate Hosts. Neither Protozoa nor sponges 
are important in the Ordovician rocks, though both aic represented 



Fia 105 Oicloviuan giaptolitos 1, Ch^iofffajylus/Irrihs, a rohny of mtiny bi audios, 
2, Didi/mog/aptu6 mhdus, a Uvo-bi .inched colony, 3, Trlfaf/nip/tffi a foui-bianchod 

colony, 4, 5, Phij/lloff7apCu3 iypu’i, cioss-section of one colony and side view of anoUiei 
flattened in the shales, 6, Diplographis pmslib, a colony with flotitinp; boll and lopioductivo 
pouches, 7, Chmacograptus modrsttis (lower pait normal, uppci flattoned) Natuial hizg 


The most distinctive animals of the time wore tho graptolites, which 
became immensely common at the very beginning of the period (Fig 
105) The majouty of these weie floating cieatuics, and thcicfoie of 
world-wide distribution, drifting fiecly acioss the open oceans Phyl- 
lograptus and Tetragraptuf,, the distinctive genoia of the Lower Oido- 
vician black shales, have been found m Canada, the United Slates, 
Scandinavia, Wales, Belgium, Fiance, Peru, Bolivia, Australia, and 
New Zealand Successive zones chaiactciized by diffcicnt generic types 
are of widespread occuirenco and form one of our most exact means of 
detei mining the equivalence of rocks in widely sepaiated regions 




Plate 4 Oidovinan Echmocleims (1-3, 6), Coial (4), Biyozoa (6—9), Biacliiopods 
(10-22), and Pelecypods (23-24) 

Fig 1, Hudbonasier naJrawayi, one of the oldest known starhsh, 2, 3, the cy&toids 
Ech%nosph(Eriie8 aurantiiim and Malocystites emmonsi (uppoi and side views), 4, Strep- 
lelasma msixcuvif 5, the orinoid Ectenocrinus grandts, 6, Hallopora ramosa (fiagment of a 
stemlike colony), 7, ConUellaria jlonda, 8, 0, Prasopora simulatrix (summit and lateial 
views), 10, 11, Hcsperorihxs Iricenaria, 12, 13, Rhynchoirema capax, 14, 15, PLatyatrophia 
laticosta, 16, 17, Sirophomena nutans, 18, 19, Ra/incaquina alicrnala (19, section to show 
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True coHilfi appealed near the \ery base nt (he Middle Ordovician 
relies A piunilave liiineycoiul) luimed ha\ leeis^ ii''iiiucli 

as 100 foci aoiohs, now .sliovn in (he Olia'/.y Iinu'slone im Isle luinioKe 
m Lake Clunupliiin A siiiall, Mni|ile hoin coi'id {fjiiiiihrophiillinu] 
occurs a litllc hip,liei, assoeialed villi Miiull lieiuls nl a eoinpound eoiiil 
{FoeifitephylliDii ). Then' are tnil, a lew species, hoviu er, lhouu;li small 
iccfs aic widely dislrihuled in ilu' laili' Oidoviciaii stiala 



Fig 100 OiclovK*mii Plulon ni'i on i<h uldh, 

tichfoedooceiaa catoni, lower, Litinlt s lilituH In i*iu )i sjxm nni*u a jmi t nl Iho ilii*U i-i la nknn 
away Lo show tlio butuies ou the intoinal lUoM Natuiiil .^i/c* 


Bri/ozoa (PI 4, fiy,s (i-Oj made their fust appeiuaiice ncai the base 
of the Oidovician but expanded into ftieat vaiiely m (lu' middle and 
uppci part of the system Piuhably 1000 kinds aie iiresent in l.lie 
locks of the Champlainian senes alone 
Brachiopods (PI 4, figs 10-22) likewise cxpeiienecd a raind evolu¬ 
tion, especially those with limy shells, though the ])rinutive types with 
corneous or pliosphatie shells wliieh had been so pronimenb iii the 
Cambium declined lapidly The majority of the hi aehiopods weie now 
“squaie-shouldcrcd” and almost all had radially stiiate or nhhed 
shells Only a very few had calcaiemis gill siipjnirls in the foiin of 
spiraha. 

Echinoderms wore rcpie.scntecl by a variely of cyhloKU and by nii- 
meious cnnoids, along with the first laie starfish ami the earliest 
known blastoids (Protoblastoiclea) (PI 4, figs 1-3,5). 




Plato 5 Ordovician Gastropodg (1-9) and Tnlobite& (10-16) 

Fig 1, TjO'pho&'pvtd howdeni, 2, Lecanosjnra compacta, 3, Ophilela giand%s, 4, Maclmites 
loQani (with operculum), 5, Hormotoma arleTnesia, 6, Subiihtes canadcnszii, 7, Bellerophon 
troosti, 8, Eoiomaria supi acingulata, 9, Trociionema umhilicatum, 10, Cryplohthub teasel-^ 
latvs, 11, 12, Calymene meeki (doisal view in ciawlmg position, and side view enrolled), 
13, Jsotelus gigas, 14, Bumastus trentanenai.s, 15, Ampyx naautuB, 16, Ceraurua pleurexan- 
ifiemus All natural size Drawn by L. S. Douglass 



179 


TIIJl OJllMlVIC'IAN PiaiKJlJ 


/-» »N?. 

^ V" 0‘ 03i 

?--'vr t?'C/'‘-v 


GaUiopods (PI 5, figi i-9l hli<>"i-'l ii MUpiiMiig (A'oIuLioii juio prolj- 
ably as many species as (heir ucic ol Imicliinpods, ilinugh ilicy ua-ic 
as a vulc not so ahuuclaut induidnalli (lie lattci, iiui so \^('ll pie- 
served Species with low, widely cniled shells gieaily inrdnmiiuited, 
but many bad already aKtuiied liigli gjiacelul spues 

Clamn arc exceedingly nur until ue ionic in (he (Ihainphiiiuan and 
are fust almndnni and widely spirtni in (lie siiiidy I'nimidions of (he 
Upper Ordovician of the A|)- 
palaeliian trough (PI 4, ligs 
23-24) 

Cephalopods (Figs 104,100) 
aie leprescntcd by botii 
straight and loosely coiled 
shells m great xai'iei.y. Hie 
former including a nuuiber of 
species of largo size As a 
class, these wcic the hugest 
invertebrates ol thou luiic. 

Tnlobiies (PI 5, figs 10- 
16) wore still exceedingly 
nuincious and varied, proliably 
uLlaimng the cliuiax of their 
evolution duiing this period 
If we may judge liy their varied 
form, they were adapted to a wide range of conditions. One striking 
trend of the tiracs is seen in two of the commonest families, which 
tended to lose the tiilobation of tlioir earujuu'e and tlic niaiks of .seg- 
raentalion in both head and tail .shields, giving rise to "linld-headed” 
types like Biimastiis and Isotelns (PI 5, fig.s. 13, 14) The little 
giovelei, Cnjpiolithus, witli its pitted full (PI 5, fig 10), is vciy char- 
actciistic of Oidovician time 

Finally, wc must note the first occurrence of llie 0,stia(oda, minute 
ciustaceans witli bean-shaped, bivalved shells com[iletely enclosing the 
body as do those of small claiiit. (Fig 107) 


Fid 107 Os(,oil oils oil tlio Nin flier of a 
hIiO) of Miilillo Oiiloiinuii )iiiU'sl,oiu) Aliont 
'4 mil, 111 ul hwe 
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’ 2Vie Tacanic Sequcnco in Pcnn^ylvarna, lij O W SIom’ Arnerieiiu .loiioml 
of Sfienco, Vol 244, 1940, pp Gb5-d90 

- Coiiclaiwn by Otdovician Benlonilc, by b WlutoomI) .louiniil ol Cii'ology 
Vol 40, 1932, pp 522-634 
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3 Oidovicmn Shale and A^souaLed Lava in Soulheaslein Pennsylvania, by 
G W Stose and Anna I Jonas BulIcLin of the Geological Society of Ameuca, 
Vol 38, 1927, pp 305-536 
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Chapter 9 


THE SILURIAN PERIOD 

Founding of the Silurian System Boiorc 1830 the geologic suc¬ 
cession was unknown below the “Old Red” feandstone that underlies 
the Coal Measures of England The oldci locks were then looked 
upon as a chaos of deformed and ncaily iinfossihleious beds holding 
little pioinise that a cleai sequence could ever be deleimined To 
then solution theie came a icinarkahlc 
young Scotsman, Rodcnck Iinpcy 
Muichison (Fig 108), whose use to 
fame began with his recognition of the 
Siluiian system 

After 6 years in public school and 2 
at a railitaiy academy he pnnccl the 
array at the age of 15 and served through 
the Napoleonic wais With the return 
of peace he retired to his estate in the 
northwest highlands of Scotland to be¬ 
come a gentleman of leisure Fortu¬ 
nately he soon came undci the influence 
of Sn Humphry Davy, who peisuadcd 
him to go to London and take couiscs 
in chemistiy and allied subjects There 
the lectures in geology aiouscd nr hrrn an 
inter est that was fanned into cntliusiasin 
as he tramped the lulls in company with 
two of the foremost geologists of the flay, William Buckland of 
Oxford and Adam Sedgwick of Cainliridge At the age of 32 he set 
himselt the task of leading and gaining a sell-niade education in 
geology His spectacular rise liom this staii to lieconu' one ol the 
most distinguished scientists of Ins time, and, eventually, the direelor 
of the Geological Suivcy of Gicat Butaiir, is one of the inspiring chap¬ 
ters m the histoiy of geology 

Muichison’s first extensive woik was the dcsciipiion of the Silurian 
system In 1831 he and Sedgwick resolved to attempt the umavelmg 
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of the “Primitive Senes” which lay below the “Old Red” and formed 
most of the countiy of Wales Mmcluson began his investigations at 
the base of the Old Red and woiked westward (Fig 1091 PIcie he 
found that the older locks, though defoimed, were not chaotic but 
loimed a regular succession of gray shales and limestones rich in 
distinctive fossils By 1835 he had worked out a succession of thou¬ 
sands of feet of such strata which he defined as a new geologic system 



Pig 109 Geologic map of England and Wales, witli cioss-seotion from noi thwestein 
Wales to London Igneous rooks in black Daits indicate localities wlieie Muicliison 
(jV) and Sedgwick (8) began work on the Silurian and Cambnaii sj-stemi, lespectively 


Seeking a classical name, he called it Silurian aftei an ancient Celtic 
tribe (the Silures) which CfEsar’s legions had encounteied here during 
the Roman conquest His great volume, The Silurian System (1838), 
is now a classic in geology 

Sedgvick had meanwhile woiked out a great sec[uence of locks m 
the much-distuibcd region of noithwcstein Wales (Fig 109), and this 
he simultaneously defined as the Cambiian system In 1835 both 
Sedgwick and Murchison supposed the Cambrian system to he entirely 
below the Silurian, but as woik piogressed, it became evident that 
the two oveilapjied, and that the lower half of the Silurian was in¬ 
cluded in the Cambiian When Sedgwick subsequently showed the 
presence of an important imconfnimity in the midst of the Silmian, 
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Muichison still would not yield, but insisted on lestricting the name 
Cainbiian to older and gcncially unfossilifcrnus locks. A bitter enn- 
ti oversy ensued which not only estranged these two great pioneers but 
split the geologists of Eiuopc inlo two camps foi more than a gcnoia- 
tion 

In 1879 Piofessoi Lapwortli of Birmingham proposed to euL the 
Goidian knot by removing the debatable “Lowci yilnruiu” to a dis¬ 
tinct system, the O 7 dovician, and after mmiy ycais of discussion Lius 
solution has now received wide acceptance 

PhYSICAU HiS'I’ORY 

Patterns of Land and Sea As the Sihinan period opened, Appa¬ 
lachia was still inouniainouH, liut the icst of Novlli Auiciicii was al¬ 
most flat A slow submergence biought shallow seas ovei much of the 
eastern United States and ovci soulheastein Canada, as shown in 
Fig IlOA Notable dilfcrcnees 111 the Eiiily Siluiian faunas of the 
uoithcrn and souLhcin outcioiis indicate that a low baini'i' south ol 
the Great Lakes icgion scpaiatod a soutlicni embayment lioin a 1101 tli- 
Gin one It is not unlikely that the sea west of Hudson Bay also 
extended nortluiaid to the Arctic (as in Late Oidovicinn and Middle 
Silurian epocli.*), but the evidence foi this is nut yet clear No sub- 
incrgence is rccoidcd in the western part of the continent, but it is 
not improbable that southern Alaska was subiuci ged 

Marked differences between the Eaily and Mid-Siluuan faunas sug¬ 
gest a temporary emergence after tins Early Silurian flood, but, if so, 
the wateis leturncd shortly and spicad to still greater exieiit diiniig 
the middle of the period (Fig 110/f) At tins lime the eastern part 
of the continent was again flooded, and cinbaymcnts entcied the vest- 
ein pait from the Aictic and the Pacific 

A long and nearly complete emcigcncc ensued during Late Siluiian 
time, when only a shiunken remnant of the inland sea coveied a pait 
of the central Appalachian states and the Great Lakes region, as 
shown in Fig HOC Thick marine fmmations accumnlaied here with 
immense quantities of salt This sea must have been connected with 
the ocean, fiom which ficsh sea water flowed to countcriialancc cva])o- 
lation, but the position of this channel is si ill uncertain It may 
have been via the noithca.st to the Atlantic or via the nortliwest to the 
embayment Lhat covered the Mackenzie Valley region The,so pos¬ 
sible connections aie indicated by bioken shading m Fig HOC. No 
outcrops of Late Silurian locks aie known in either diicction, but a line 




jF/g IlOA Osfi) Early Stluuan pahogsog- 
faphy of North Ameitca Land areas hghtly 
shitdedj shallow seaways deeply shaded^ deep 
sea horizontally lined, prerent outcrops tchd 
black 


Eig 110B Qight) Middle Sihumti paleo- 
geogfaphy Synihoh as above This shows the 
maximum Slim tan snbmetgenet of Ninth 
AmeiKei The Taioman Highlands weie now 
much induced 




Etg HOC (left) Late Siluium paleo- 
geogtaphy Symbols as above Bailed sttip^ 
to the nonhwjt and northeast of the SaUna 
sea lepiesent piohlematical connections to the 
oceans, othei symbol r as above 
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of salt seeps along the edge oi the Devonian overlap between Lake 
Manitoba and Gioat Slave Lake suggests buried salt beds that may 
be of Late Silurian age 

The Silurian period is naturally divided into three epochs' the 
Early Siluiian or Medinan ^ ciioch (named foi the Medina sand¬ 
stone of New Yoik and its coi relatives), the Middle Silurian oi 
Niagaran epoch (named for the record so grandly displayed in the 
gorge at Niagaia Falls), and the Late Silurian oi Cayngan cpocdi 
(named for the thick salt-hearing strata about Cayuga Lake, Now 
York) 

The Pacific cinbayment that covered the panluindlc of Alaska left 
an exceptionally thick senes of fossiliferons limestones These forma¬ 
tions, however, have not yet been adequately studied and classified 

Local Volcanic Activity. The noithoin part of tiie Appalachian 
province was again the site of volcanoes which leinaincd active locally 
dm mg much of Siluuan tune Black Cape on the north shore of the 
Bay of Chaleur, facing the Gulf of St Lawrence, displays over 4000 
feet of black lavas mterbedded with Middle Silurian hmesionos Ap- 
paiently the ciuptions licic were fioin suhmaiinc volcanoes, foi the 
base of the fiist flow includes fossil coral heads and hrucliioiiods ovei 
which the lava flowed Farthci soiithwosi in Now Bumswick and 
especially in semtheastern Maine, ash beds and lava flows attain the 
impressive thickness of 10,000 feci or nioic Hcic and thoic among 
these -volcanics arc stiata with inaniic lossils that inovc tlic Silurian 
age of the lavas Lava flows, volcanic bicccia, and tuff occur also in 
the Siluuan of soutlicin Alaska and in the Copley formation of prob¬ 
able Silurian age in northern Califoinia^ 

Quiet Close of the Period in America No inoiintains were made 
in Noith America at the close of this ])ciiod, and the oveilying Devo¬ 
nian foimations geneially he paiallcl to the Siluuan with little evi¬ 
dence of hiatus Outside the central Appalachian trough, howevci, 
it is usually the Middle Devonian that rests upon the Michlle Silurian, 
since both the Late Siluuan and the Eaily Devonian lonnations have 
a very lestiicted clistiibution The iclation at the "Bcaigiass” quar¬ 
ries near Louisville, Kentucky (Fig 111), is gcncial over the Ohio 
Valley, wheie puic Middle Devonian hincstonc icsts disconfoimahly 
on similai stiata of Middle Siluuan age When viewing such an out¬ 
crop, it IS difficult to realize that m the Appalachian trough sediments 

♦Gcnoial agieemcnt lias not yet been leachod as to llie besL name for tlic 
Early Siluuan epoch The name Alexandiian is also in use 




CHAKIK SCHDCHERT, 


111 DisunfotniabU contact of Middle Dewman on Middle Silmian Itme- 
ttona in Beat grass quanies mat Lomsvdle, Kentucky Tk contact is in tht 
midst of the massive bed below the word Devonian 

almnst a mile thick were foiined during the inteival repiescnted 
heie by an inegular bedding plane Obviously the cmcigcnt conti¬ 
nent lay quiet and but little above sealevel during the long mteival 
Caledonian Disturbance of Europe. In Europe, on the contrary, 
the close of the Siluiian witnessed the use of the majestic Caledonian 
Mountains, which ranged northeastward acioss the Biitish Isles and 
Scandinavia In Scandinavia the oiogenic forces came from the west, 
folding the Siluiian and oldei formations and caiiying them eastward 
in a senes of gicat thrusts Throughout the length of Norw'ay and 
Sweden, a distance exceeding 1100 miles, the jiie-Dcvonian fotma- 
tions were folded, oveituincd, and overthiust with eastward move¬ 
ment on individual fault planes as great as 20 to 40 miles The moun¬ 
tains that crossed Gicat Britain seem to have been a subpaiallel range 
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sinking to the west of that in Scanclmavia and cuiiously paiied with 
it, in that heie the thrusts weie to the west instead of the cast If wc 
include the folding in eastern Greenland and Spitzbcigen, the Cale¬ 
donian Mountains can be traced foi more than 4000 niiles and weie 
undoubtedly one of the gicat mountain systems of the woild (Fig 112) 
Another range stretched eastward acioss norlhein Fiance and south¬ 
ern Germany into noithern Austria, wink' still other mountains were 



Fio 112 Map showing tho looation of tho Caledonian Mininlains oi I ile Hilunan dale 

forming in noithern Africa (Oran Saliaia) and in noi (h-ceiitial Asia 
(Irkutsk basin of Sibciia). 

Stratigraphy op tiik Silurian Formations 

Influence of the Taconian Range During Eaily and Middle 
Siluiian time the Appalachian trough leecivcd abunflant sandy sedi¬ 
ments from the east as the Inghlantls in Apiialachia neie gradually 
worn clown This mateiial, lia])pe<l between Aiipalaehia and the 
Cincinnati aich, kcjit the geosynchno silled iij) (o near or above soa- 
Icvcl, oscillating between the condilum of shallow sea floor and low 
coastal plain Along the casteni inargni id tlie geosynclme, inire 
sandstone and quaitz conglomerate sti etches all the way Irom ISfew 
York to Alabama, attaining a maximum thickness of more' than 1000 
feet and ranging between Lins and 500 feet over most of the folded 
icgion, wheie it is one of the chief iidge makcis 




Jgg historical geology 

To the northwest and west the sandstone grades over into shale, 
but tongues of it reach far to the west, as indicated m Fig 113 Along 
the eastein maigm the sandstone is gcncially unfossiliferous and 



Fig. 113 Section of the Siluiian formations between Cunilieiland, Maiyland, and 
High Falls, New York, shomng the influonce of the Tacoman The bettion runs 

obliquoly across tho geosynoline Data fiom papeis by C IC and F M Swaitz 


may have been deposited upon a low coastal plain, but farther west 
it iiicludes a limited vaiicty of marine fossils, notably ostraoods, 
small clams, and the bun owing biacluopod, Lingula 



Fiq 114 Silurian section along tho Niagara cuesta from Medina, New York, to 
Manistique, Michigan Tho inset map shows the outcrop belt and the position of the 
eight numbered localities 1, Medina, New Yoik, 2, Niagara Falls, 3, Hamilton, Ontario, 
4, Cataract, 5, Owen Sound, 6, Cabot Head, 7, Manitoulin Island, 8, Manisticiue, Michi¬ 
gan Vertical scale greatly exaggerated Adapted from E R Cummgs 


Duiing Early Siluiian tune the sand spiead as a vast, continuous 
sheet over the geosyncline Several local formation names are used 
for it (Shawangunk, Medina, Tuscarora, Clinch), but they all refer to 



THE SILURIAN PERIOD 


189 


parts of this single vast deposit that lecoids the degradation of the 
Taconian Range As shown m Rig 113, the sand was much inoie 
lestiictcd in Middle Siluiuin time, and lium then until nearly the end 
of the pciiod most of the deixisits m the geosynclnic weic muds 
Finally, by Late Silunaii time, even muds veio inou' limited, and 
hinesUmes accumulated ovci the wesLcin half of the geosynehne, 


as a final episode the sea again 
the western edge of the Tacon¬ 
ian Range By this time Ap¬ 
palachia was worn so low that 
limestone loiincd as far cast as 
the Hudson Valley (see Figs 
113 and 93) 

In Gasjie Peninsula, where 
the Siluiian foimatiuns rest un- 
confoiinably on the metamor¬ 
phosed and folded Ordovician, 
the basal Silurian also includes 
oongloinciatcB and thick sand¬ 
stones 

A sinking coutiasL is seen, 
however, if we journey 70 miles 
aciOSS the Gulf of Si Lawiencc 
to Anticosti Island, where the 
Late Oidovician and Early 
Siluiian arc both rcpiescntcd 
by flat-lying foiraations of cal- 
caicous shale oi limestone 
Theie is no evidence heie of 


sjneiul ovci the tiunciitcd lolds along 



Charln 


Flu llT) C’nliot hIhiIo (bplow) 

lUK upwind into Gi iiiisbY ( — Albion) Siiud- 
ytoiic, itlong New Yoik ('oiitial Railway in 
NitiKuui GoiTins JH .1 di'iail of tliG tiaiisi- 
<1011 lopicHeiitccl in Ibiiind 1 U) 


the Taconian orogeny, in either the structuic or the sediments Move- 
ovei, there aic younger OrdoMcian beds on Anticosti (Gamachc loi- 
ination) than any known clsewhcie on the continent, showing that the 
Ordovician seas lingered longest lieic The cxiilanation ol this sinking 
contrast in the lecord of Anticosti Island and Gasjic lies in the laet 
that Gaspc was originally much larthci south and its locks liave been 
ovcithrust many miles to the north by a latci distuihance, bringing 
locks fioiii the eastern part ol the geosynehne near those originally 
deposited far fiom the Taconian Range 
The westwaid giadation ol the Early Siluiian dejiosits liom sand¬ 
stone into shale and finally into limestone is exceptionally well dis¬ 
played in neaily continuous exposures that follow the base of the 
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Niagara cuesta from Rochester, New York, through Niagaia Falls 
and across the Ontario Peninsula into the Manitoulin Islands (Fig 
114) 

Middle Silurian Limestones and Coral Reefs. West of the Cin¬ 
cinnati aich even the Early Silurian formations are of limestone Al¬ 



though of eonsideiable areal extent (Fig IlOA), they are commonly a 
few feet or a few tens of feet thick and represent only a small part of 
this epoch, but it is notable that theie were no uplands within ade¬ 
quate leach to supply even muds to this part of the interior sea 
Middle Siluiian foiinations are fai more widespread and are con¬ 
siderably thicker, but they, too, are almost entirely made of limestone 
(locally dolomite in the upper Mississippi Valley) Even where 
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Widely distributed across the Canadian Shield, they aic picdominantly 
calcaieous 

The giaiid exposures about Niagaia Falls (Fig 11B) display luost 
of the Middle Silurian in its typical development, lesLing uiniii the 
sandy phase of tlie Lowoi Silurian (Fig 115) Tlie hp of the falls is 
formed by the thick-bedded Lookpoit dohmiitc, which also iiius the 
goigc in cliffs moic than 100 feet high (Figs 116 and 117) This re¬ 
sistant foiraalioii, overlying the weak shales bchnv, holds iij) the 
Niagaia cuesla acioss wcslcin New Yoik, the iieuiiisiila iil Cnlaiio, 
and the Manitoulm Islands noith of Lake Huinn It extends soulh- 
wai’d under cover of younger loiniations, to apiieai again iibrniL the 
flanks of the Cincinnati aich Laigc outlieis occur farther north in 
Canada, one of the greatest being along the W'cst shore of Hudson Bay 

The locks exposed above the bunk ol the falls and along ihc upper 
lapids represent the base of tbc (7iiel/)/i doloiiiile This lounalum is 
typically developed only in Onlaiio and Ohio, whete i(, is chauudeiiiied 
by a peculiar fauna of gastiopods, a laigo ehuu [Meijalomui^], and 
heavy-shelled, hingeless brachiopods (IriiiicrcllKk) Tlie (Itiolph 


p a rAPuai, u i c.puuKricAi suiivn 


Htg in Silurum jsimatmn at the hmr mil oj Gi»ff ahon Liwntm 

Tht base of the Stlmutn ts mat the mtddlc of the lowci wooded dofe 






O K SILBBRI, U S GBOLOOICAL SURVE1 

Fti lU Small htyoxoan iief m the upper bmestoiie (Jiondefiwti) foimation of the 
Clinton gtoap Niagaia Gotge The reef is IS feet acuss, and its top ptejecn 
setieial feet into the eveilymg Rochester shale 


faima appeals not to have iGacbcd much to the south of cential Ohio 
The Lockport limestone giades westward into dolomite, and lo the 
south and west of Lake Michigan is less easily separated from the 
Guelph, the two forming a thick gioiip of dolomite beds that extends 
undei ground into Kansas and Nebraska, cropping out locally in Inwm 

Below the Lockpoit formation at the falls and in the gnige at 
Niagara lies the Clinton gioup, hcie much thinnei than in the Appa¬ 
lachian legiun and likewise moic calcareous 

The Silmian of western Noith America is not well known but is 
repiesentcd by 1000 feet of dolomite in Idaho and Utah and 1500 feet 
of similar bods in southern Nevada Gieat thicknesses of dolomite 
are exposed also in British Columbia, tlie Maokenaic Valley, the Aictio 
Aichipolago, and southern Alaska 

Throughout the extent of the limy Niagaian formations, coials were 
common and at many places made small icefs Limestones and dolo¬ 
mites with leef structures occm m the Medman scries but arc espe¬ 
cially common in the Niagaran of Indiana, noiUicin Illinois, southern 
Wisconsin, Iowa, and Ontario north at least to Lake Huion Some of 
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the oldest of these lecfs wcic made by biyozoans (Pig US), but the 
majority wcie foiiiied by vaiious kinds of stony coials (Tabulata, 
Tetiacoialla, and liydiocorallincs like the feiroinatopoi oids) Those 
reefs vaiy m size from several feet to more than a mile across, and in 
height from a few foot up to 75 feet All arc unstratified masses made 
up of entile or broken skeletons, biiiied m a matrix of coral sand 
and mud, the whole moie oi less alLeicd tluough diagenesib into either 
a pure calcium caibonatc or a dolomite 



Jiit'iof Ahninu Compnnu 

l*'io 119 A salt mine m ilic Uppci Sihuian at Rotsof, oMitial New Yoik Tho tuiiiiol 
IS cut ui solid lock salt, and tho cais aic loaded witli salt on then way to Iho sliaft 


Although coials wcic the chief buildcis, iiiimy othei gunijis ol ani¬ 
mals contributed to these leefs It is inoio eoircct, theiclore, to siieak 
of them as oiganic reefs than as coral I’ccfs The iiaiiie bmhciin, (Gr 
bios, life, + henna, lecf) has been used for sucli sliuctuics 
Upper Silurian Desert Deposits and Waterhmes In centi al New 
Yoik tho salt-beaimg shales of tho Stalina qroup, more than 1000 
feet thick, succeed the Niagaian limestone Ilerc the lowei hall is 
composed nl bright led uiifossilifeums slialc (Vernon) and the iippei 
half of gray shale (Gamilius) rvith seveial beds of rock salt TIic salt 
(Pig 119) urideihcs an iiiea measiirmg 150 miles from east to west and 
extends soutliward under .soidlierii New Yoik, iinrtliein Peniisylvaniii, 
and Ohio Several distinct beds occui at mt.eivals in the sliale, indi¬ 
vidual beds of puic salt leaebiiig a tluckness as gieat as 80 feet 
At Ithaca, New York, whcic the foimation lies between 2000 and 3000 
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feet undeiground, theie are seven beds of salt with an aggregate thick¬ 
ness of 250 feet, but the gieatcst accumulation ot Silurian salt is 
deeply buiied under the centei of the Michigan Basin, wheie deep 
wells reveal salt beds aggregating 1600 feet in thickness - 

Southeastwaid tnwaid Appalachia the entire series passes into bar¬ 
ren redbeds, but soutliwestward in cential Pennsylvania inteibeddcd 
limestones (Tonoloway) bear abundant raaime fossils at many 
hoiizons 

After the salt deposition the marine waters again spread wndely over 
the New York deseib, and a senes of thin but persistent dolomites and 
wateilimes was left as the final rceoid of the Silurian period Water- 
limc is an impure calcaieous sediment with a large admixture of silt, 
possibly the wind-blown dust fiointhe neighboring arid lands, it was 
once much used in making cement 

Climate 

Cosmopolitan Climate of the Middle Silurian. The coral leefs 
and coial-bcaiing stiata distributed widely thioughout the Middle 
Siluiian limestones sliow that mild temperatures 
again extended into the aictic region The evidence 
lies not so much in the mere existence of the iccfs 
and corahs as in the tact that the species are every- 
whcie identical or much alike, whether in Kentucky, 
New York, the Hudson Bay region, or within the 
Aictic Ciicle, as at Polaris Bay, noithein Green¬ 
land The wide extent of the limestones and dolo¬ 
mites confirms the evidence of the corals Other 
gioups of iiivcrtehrates, notably the ceplialopods, 

Fk, 120 A dis- equal disiegard for latitude Certain spe- 

tiuctivo HiUii lan ciGB found in Iowa aie clearly migrants fiom Europe 
way of the polai region Most reraaikablc of 
these IS the foui-sided coial, Gomophylhun (Fig 
120), which, unlike all otheis, had an operculum, or cover, of four limy 
plates 

Late Silurian Deserts. As the continent emeiged during Late 
Sihuian time, and conditions spiead ovei the eastern United States, 
and a laigc aiea including Alichigan, Ontano, New York, and Penn¬ 
sylvania took on the chaiacteis of a deseit basin In the midst of this 
legion, a Imgermg arm of the inland sea shrank to a “dead sea” in 
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which vast quantities of salt and gypsum were precipitated The 
red Veinoii shales of the Salma gioup probably represent the muds of 
a ban on coastal plain, whoie free access ot the air to the soil during 
long pciiods of diought kept the enclobcd non tliniouglily oxidized 
The gray shales, deposited undci hypersaline waters, include salt 
and gypsum at many hoiizons over an aica of nearly 100,000 square 



Ckarlca brlmUint 

fiG 121 Mud-ciadccd hiyciH of impmo limostouo in tlio Uppoi Sihuian (Saliini gioup) 

a6 llouiidlop, Maiyltincl 

miles Since the deposition of 1 cubic foot of salt (sodium chlonilc) 
would require the evaporation of about 80 culnc feet of noimal sea¬ 
water, it is clear that severely and conditions must have persisted 
here for a very long time It is not to be infciicd that the watci was 
deep, however, there was jiiobably an intermittent inflow of moic sea¬ 
water flora the outer ocean to lialance the evaporation and supply the 
salt Indeed, the abundant mud cracks in the gray shales (Fig 121) 
indicate that wide mud flats weie lepcatedly exposed 
The cause for the aiulity mav have lam m the flatness of the ex¬ 
tended land mass, which olfeied no elevations to eliill the westerly 
winds aftei they had crossed the mtciior of the coiitmcnt 
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Economic Products 

Clinton Iron Ore The rod non ore mined in the Birmingham 
region of Alabama now supplies about 10 pci cent of the non pro¬ 
duced annually in the United Slates and is the only important com- 
petitoi of the Pie-Cambnan ores of the Lake Supenoi region 

The Silurian ore is an oolite of the red oxide, hematite, occurring in 
thin, lenticular beds alteinating with the giay shales of the Clinton 
group The ore locally includes abundant marine fossils and commonly 
has replaced broken bits of the shells It was originally deposited as a 
sedimentary accumulation on the Silurian sea floor One or more beds 
of ore can be found at most of the outcrops of the Clinton shales all the 
way from New Yoik to Alabama, but the thickness is geneially only a 
few inches to a foot or two, using locally to 3 or 4 feet 

Before the Civil War the Silurian non was extensively exploited in 
the region of Clinton, New York, but since the discovery of the vast 
lion deposits in the Lake Superior region most of the Silurian mines 
have been diiven out of competition In the vicinity of Birmingham, 
Alabama, however, the Clinton ore beds reach then maximum devel¬ 
opment, the “Big Seam” having a thickness of 40 feet, of which 15 to 
17 feet IS rich enough to be woikablc Hcie, in immediate pioximity 
to the Big Warrior coal field, the ore is profitably and extensively 
mined It is estimated tnat over 600,000,000 tons of this ore arc still 
available undei ground 

Salt Salt IS another important mineral product of the Silurian 
locks Duiing the yeais 1943-1945 the average annual pioduction of 
salt from the Silurian locks of New York State was in excess of 
2,900,000 tons and had a value of nearly $10,000,000 This was slightly 
less than 20 pei cent ol all the salt mined m the United States The 
salt is obtained chiefly by forcing water down deep dull holes and 
pumping up the brine to be cvapoiated and icfined, it is also mined 
and sold m blocks to be used as salt licks foi cattle 

Silurian Life 

The Continued Reign of Marine Invertebrates Silurian life was 
a modification, through lineal descent, of that of the Oidovician, with 
no drastic innovations Maiinc inveitebrates still piedominated, al¬ 
most to the exclusion of other foims of life Some of the invertebrate 
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of little importance in the Ordovician, now sprang into piominencc 

The (jia'ptolites, for example, had greatly declined and are found at 
only a few limited lioiizons in the Ameiican Siluiian, though in Euioiie 
they were still numerically abundant but mostly of one genus, Mono- 
graptus. 

Corals, on the contrary, showed an extraoidinaiy expansion into 
many genera and species including honeycombs (Favosites), chain 
corals [Ilalysites), cup coials, and compound types of tetracoials 
In the cleai ISliagaran seas they formed reefs of widespiead distribution 
(PI 6, figs 4, 5) 

Bryozoa were still vciy common and locally made small reefs (Fig 
118). 

Bracinopods showed a marked expansion To the flattish and squai c- 
sliouldeied types weie added globulai, short-hinged foims with pointed 
beaks and plicated shells Spiic-bearmg types also foi the first time 
became common (PI 6, figs 6-15) 

Among the echinoderms, cysioids (PI 6, fig 3) were rather common, 
blastoids (PI 6, fig 1) just beginning, staifish and cchinoids exceed¬ 
ingly rare Crinoids (PI 6, fig 2), on the contrary, cxpciicnced a 
remarkable evolution and grew in the gieatcst profusion, their cal¬ 
careous plates contiibutmg largely to the limy sediments of the dealer 
seas Growing as they did on graceful, slcndei stems, those “lilies of 
the sea” undoubtedly furnished the most colorful spots upon the Earth 

The molluscs were generally much less conspicuous than in the pre¬ 
ceding period, but in some of the late Niagaran dolomites heavy-shelled 
gastropods are abundant Nautiloids and clams were both present 
but haiclly noteworthy 

Tnlobites had passed their climax but still remained common A 
number of types showed a tendency toward bizarre development of 
spines, which may have been a protective measure against the evolving 
fishes (PI 6, fig 16) 

The ewypteiids, oi “sea scoipions,” formed perhaps the most strik¬ 
ing and distinctive element in the late Silurian faunas (Figs 122, 123) 
They aie very localized in then occurrence and practically confined to a 
few limited horizons, but they are common fossils where they do occui 
They were sparingly leprescnted in the Ordovician but in the Silurian 
rose to a meteoric climax only to decline abruptly in the next period, 
after which they were veiy larc Most of them were small animals 
from a few inches to a foot or so in length, but a few species attained 
large dimensions The laigest American species {Pteiyqotus buffalo- 
ensis) is found in the Bertie wateilime of western New York, where 
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fiagments of exceptionally large individuals liave led to an estimate of 
a body length of 7 leet oi a length of 9 lecL over all, with pinceis 
extended This cicatuic ranks as the greatest aithiopod of all time 
Ostmeods continued in great abundance, and some species now at¬ 
tained a 1 datively laigc size, the greatest, liowcvei, scaiccly icaching 
a length of 1 inch 

Fishes Fishes undoubtedly lived in the streams tlnoughout this 
period, but then lemains aie exceedingly raic, consisting essentially of 



Fuj 122 Thioo ohuiauteuHtie tvijes of euryptciids Left, liuaaiciia aLni]iu>nia, Xi'i, 
center, Plerygotua bujjaloensm, X^ 25 i HKht, liituypleriw lemipcs, X} i Aftu? Claiko and 
Huedemann 


small, bony tubercles and armor plates which studded the skin of 
certain of the piimitivc Ostracodeimi in lieu of scales In the highest 
Siluiian beds of Noiway,t however, icmarknbly preseivcd but veiy 
primitive fishes fFig 124) have been found m abundanceThese 
have no well-defined jaws, and in this and other prnnitivo charactcis 
they appear to be ancestral to the motleni Inigfish or cyelostome 
Beginnings of Terreslnal Life Fragments of sniiposed tarid 
plants have been dcsciibed fioin tlie Bilurinn rocks ol Gotland, ICng- 
land, and Australia The lemams are lew, however, and veiy I’rag- 


tTlie Siluimti ago of Ilicso bods is not bovoiul question Himiliu beds eonsLi- 
tutmg the typioiil Downloniiin of Scotl.ind nio now refen ed to the Inisal 
Devonian 
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Fig 124 A primitive fish {Pharytigolcpis oUongus) fiom the uppeimost Silurian 
(Dowiitonian beds) of Noiway. Above, aieeonstruotion, below, dorsfll view of a specimen 
in the rock After Kiaor About % natuial size 
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menlary, consisting of bits of stems some pieces of which bear small, 
biactlike loaves One of the Austialian types bcais slender leaves 2 
centimetcis long and 1 millimeter broad Some of the stems dcsciibcd 
as land plants may be those of marine algie 
“These Siluuan fossils aic the oldest oxamjilcs of what appear to be 
terrestiial plants They do not tell us veiy much, but they afford 
evidence of two Silurian types, jiroliably lericstrial, which agiee closely 
with forms chaiactoristic of the cailier Devonian floias and of a third 
type that appeals to be iieouliar to this meagre Prc-Dovoniaii flora ” ‘ 
Soft-tissued algic and fungi may have been abundant in regions of 
sufficient moistuie and suitable climate 
Possibly the fiist air-h eathing animalt, wcie scorpions and milhpeih, 
both of which have been found laicly in the Uppci Siluinin rocks 
These first-known scorpions aic small cieatuies, not over 2’/^ inches 
long, and their resemblance to modern scoiiiions is striking Never¬ 
theless they may still have been aquatic animals They arc almost 
coitainly descendants of the curyptcrids, which were aquatic, and 
none of the fossil specimens lias revealed the rcspiiatory stuicturcs 
that would piove whether they bicathed air oi watei 
The millipeds have liocn found only in Wales, whcic they aic asso¬ 
ciated with euiyptcrids 
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THE DEVONIAN PERIOD 

Discovery of the Devonian System In Great Britain, whcie 
historical geology had many of its first devotees and the Eaily Paleo¬ 
zoic systems were named, the Coal Measures ai e underlain by a great 
succession of sandstones and shales known to the pioneer geologists 
as the “Old Red Sandstone ” Until Murchison and Sedgwick had de¬ 
fined the Silurian and Cambiian systems, it formed the base of the 
determined geologic column, and thereafter it was given a place be¬ 
tween the Silurian and the Carbonifeious 

In 1836 Murchison and Sedgwick began to work in Devonshire and 
Cornwall, the southwestern provinces of England, which had long been 
known to he largely covered by a series of giay rocks considered to 
be Carboniferous because of the presence of fossil plants They found 
that only the upper part of these locks is plant-bcanng, the lower 
part they refened to the Cambnan solely because it was badly de¬ 
formed and in that respect resembled the rocks of northwest Wales 
However, when fossil corals found by local collectors were submitted 
to the paleontologist Lonsdale, he found them intermediate between 
coials of the Silurian and those of the Carbonifeious, and suggested 
that these beds might belong to the “Old Red ” Murchison and Sedg¬ 
wick were hard to convince, but aftei 2 years they accepted Lons¬ 
dale’s view and proposed the name Devonian for a new system be¬ 
tween the Siluiian and the Carboniferous In it they embraced these 
maiine deposits of Devonshiie, the Old Red sandstone, and corielative 
formations elsewhere 

It was eventually found that in Devonshiie the system is 10,000 to 
12,000 feet thick and consists of giaywackc, slates, and limestone, as¬ 
sociated with lavas and tuff The region was an unfortunate one on 
which to base a system, for the beds are so disturbed by folding, fault¬ 
ing, and intiusions that the detailed succession is still not wholly 
known Equivalent but less-distuibed beds had aheady been dc- 
sciibed in the Rhine Valley in Germany, and these became the actual 
standard or type section of the system in Europe, A still finer section 
in New York State is the standaid of reference foi Ameiica 
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Physical Histohy of Noiith America 

The Devonian Cycle of Submergence Although the close of the 
Silniian left Europe nigged and iiumnUunoLis, Noith Ainoiica re¬ 
mained low and flat The Devonian Kuhiiiergcnce hcgiui in the A]i- 
palachiim trough, which was soon transfoiiiied into a iiarunv strait 
reaching lium Newfoundland to Mississippi and at liines sc'iiaiating 
Appalachia completely fiom tlic niainland (Fig 125.1) No marine 
deposits of Early Devonian Lime are known in I,he Goidillcian trough, 
but a fiesh-water foimation beaiing fossil hsh and land plants is 
present at Beaitooth Butte m Wyomiug During this epoch, inobably 
less than 5 pci cent of the present coiitiiieiit was subinciged 

The beginning of Alidcllc Devonian Lime was marked by snbmei- 
gencG that spread the Appalachian seaviay westward to the Missis¬ 
sippi Valley, and soon bi ought another vast aictie flood ciceiung 
southward across westcin Canada by way of the Mackenzie Valh-v 
region in a seaway ncaily 1000 miles wide This loined the emhav- 
ment that then occupied the Coidillcian Irougli in TJtali and Nevada 
Fioni this time until late m the period the tw'o great geosyncliru's 
wore more oi less tiGisisicntly suhineigod and vi'ccivefl a great thick¬ 
ness ol sediments, but the Ceiitial States weie liaiely awasli, or 
slightly eineigcnt, duimg nmoh of the lime The middle and hnver 
maps of Fig 125 icprcseiit maxiiuuiii submeigences, liut sliould he 
considered only temporal y stages m an even-changing scene Possibly 
40 pci cent oi the iirescnt continent was sulmieigc'd at one time oi 
anotlicr during both the Middle and Late Devonian epochs, 1ml 
towaicl the close of the period eiiicrgencu was gradual and finally 
complete 

The Acadian Disturbance. About the middle of the period, uplift 
was renewed in Appalachia, and the geoHynohne ivas inoic ia[ndly 
depiessed These movoiiients continncd with incieasing intensity until 
the close of the peiiocl and cuhmnatcd m the tmmation ol a bold 
mountain chain that followed the axis of old Appalachia dowm through 
the Maiitimc Provinces of Canada and the New England states and 
thence southwaid to about the latilude of Cape Ilatl-eras (Fig ]25(') 
This oiogeiiy was fust recognized in the MaiiLiinc Provinces—the 
Land of Acadia—and lor this leason it ha.s been nanu'd llic Aiadxin 
disturbance 

The Acadian Mountains weic a second genciation of Appalachians, 
much like the I'acoman Range of the Late Oiclnvician and involving 
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Ftg 22SA (left) Eatly Devonian (Heldet- 
htigian) paleogeogfaphy Land aieas lightly 
fhaJedj shallow rf^r dee-ply shaded^ deep sea 
horizontally Imedj present outaops solid black 


hg llIB {nght) Middle Devonian paleeh 
geogtaphy Lived shading in Appalachian 
iegion vmks the suhaenal part of the Catsktll 
delta, other symbols as above This map 
sht}w\ the maximum sptead of the eatly Ham¬ 
ilton seaways The we stem sea is based on the 
Stt tngocephalns fauna 




Ftg 125C (left) Late Devonian paleogeog- 
raphy Symbols as above This teptesents 
the maxmmtn snbmetgmce of the epoch, dining 
the Chmung age Hote the ft sing Acadian 
iange hmdtted by the gtowing Catskill delta 




TI-IE DEVONIAN PERIOD 


20.5 


nearly the same i egion In Acacha, at, in New England, the Devonian 
and older sedimciitaiy formationa of the gcosynclinc were stiongly 
folded and much dibtmbcd by igneous intiusion The cfleet was both 
piofound and permanent, iiiihlting and folding all the locka in thi.s 
pait of the Appalachian tiough and dcstioying its gcosynclinal nature 
so that the seas never again tiaverscd it 

Flora New England south, the disUirbanec was cast of the pie.seni 
fold belt, in the area of the Piedmont and Ihc Coastal Plain and 
probably that of the continental shelf Although the sediiueniaiy 
locks have since been cle&tioved hcie, and details ol tlie Acadian 
orogeny can not be restored, the Devonian formation.s .still jirescived 
in the gco&yncline indicate the iiiesencc ot marked highlands at least 
as far south as Cape Hatteras 

The volume of the sediments deiivod fioin the ciosion of Appalachia 
and preserved m the gcosynclinc gives some moasutc of the uphtt 
The delntal Devonian lorraations from New York to Viiginia, in¬ 
clusive, have been estimated to measure some 63,000 cubic miles 
This IS approximately tlie volume of the modem fticiia Nevada, which 
exceed 75 miles in width, aic 400 miles in length, and rise to nearly 
3 miles above scalevel along then ciest Since the dejiosiLs laid down 
in the geo.syncline weic all denved bom the ivcstein .slope of the 
Acadian mouiitaiiis, it is clcai that Appalacliui was much moi c than 
100 miles wide or was vciy lolty or was conliiiuously uplifted dunmi; 
erosion 

The above estimate does not include the deposits m Acadia or those 
oiigmally laid down along the mountain fiont between Aeadia and 
New Yoik and subsequently eroded aw'ay 

While the Catskill delta (see p 206) ivas foiming in New York, a 
similar gieat delta was building in Gaspc, and its noimuuine beds near 
Escuminac, at the head of Chaleur Bay, have yielded land plants and 
many fishes, including the probable forerunner of land veitcbratcs 
(Figs 138, 139) 

Igneous Activity. Much igneous activity accompanied the Aca¬ 
dian distui banco Great thicknesses of bedded lavas and tuffs in 
southern Quebec, Gaspc, New Biiinswick, and Maine record volcanoes 
that weic active duiing Devonian time In most of New England and 
parts of New Biunswick such extrusivcs have been laigcly eroded 
awmy, exposing the lelated deep-seated pluLonic rocks 

The gianite core of the White Mountains is an example Here the 
intrusions began during the middle ot the period and were lenewcd 
on a larger scale as the Acadian disturbance came to its climax ^ 
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Other Devonian batholiths arc the granites at St George and in the 
Little Megantic Mountains of New Brunswick,= the granites that 
make up most of Nova Scotia, and those that form the cores of such 
monadnocks as Mt Katahdin in Maine The gieat pegmatites of 
Connecticut aie also laigely of Devonian age, according to the lead- 
iiranium ratios of their ladioactive minerals 

Growth o£ the Catskill Delta. As the Acadian mountains rose, 
erosion was greatly stimulated, and the streams flowing westward into 
the geosynchne built out a vast compound delta in New Yoik and 
Pennsylvania The exposed sui face of the delta was small in Middle 
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Fit 12G Ciosb-sectioii of the Catskill delta, fiom Eiio, Pennsvlvania, to the Catskill 
lilies indicate the infouod oiiginal o\tuut of tlie beds winch have since been paitiallv 
cai eoua shales in close parallel hues This section is fully osposod along tho noi lliei n edge 

Devonian time but incieased steadily during the later iiart of the 
period until it became a gieat alluvial plain more than 100 miles wide, 
slojiing down from the foothills of Appalachia to the inland sea As 
the legion slowly subsided, layer after layer of dctiital sediment was 
spiead ovei it, building up the thick deposit of sandstones, conglom¬ 
erates, and shales from which the modern Catskill Mountains have 
been caived The Catskill delta was named for those exposures The 
terrestiial pait of the delta is distinctly shaded in Fig 125S A cioss- 
sectiun IS shown in Fig 126 


Steatigraphy of the American Devonian “ 

Appalachian Province. The Devonian system is exceptionally 
developed in Pennsylvania and southern New York, wheie, fortu¬ 
nately, the natuial exposures pcimit its study in throe dimensions 
Magnificent exposures in the fold belt follow the axis of the old Ap¬ 
palachian trough, where Devonian beds are 12,000 to 15,000 feet thick. 
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and the noithcin edge of the Allegheny Plateau m southern New Yoik 
presents a cross-section ncaily at light angles to the tiough This 
area is piobably unsurpassed as a clear display ol the facies changes 
that aie pioduccd in geosynchnal deposits by the growth of mountains 
in the bordering land The lelations arc shown in Fig 126 
The Lower Devonian foiinations are lelatively Ihin and aic hinilcd 
to the axis of the geosyncline Two stages arc recognized, the Ileldei- 



MouiiUin<i Roolinn about 250 milps Iook, vpiti( al scale greatly exaggeiatial Tlin bioken 
oiodod away Roclboils aio shaded, black shales aic sliowii m solid hliick, and gia\ lal- 
of the Alleglieny Plateau Data ftoni Chadwick and Conpor 


bergian and the Deetpaikian, each with scvcial foimatioas Tlie 
Heidelberg stage includes only liracstonos and ealraicoiis shales, and 
this shows cleaily that ncai-by Appalachia was then so low that it 
supplied only fine mud and even that in small volume 
The Deerpaik stage is represented here chieflv by the Onskani/ 
sandstone, a lemaikable formation of ncaily pure quaitz sand with 
a calcareous matrix Its distribution is peculiar, being limited to the 
eastern part of the geosyncline in the Appalachian region, and then 
reappearing along the Mohaw'k Valley and extending westward to 
Alackmac Stiaits m Michigan The sand was almost certainly deiivcd 
from two sources, that in the geobyncliiic from Appalachia and that 
to tlie west of the Catskills lioin the Adiroiidacks and the Canadian 
Shield In .spile of this extensive distribution, it i.s commonly only 
a few feet lliick, lismg locally to a maxiraum ol 200 or 300 feet in 
eastern Pennsylvania For several reasons this rather coarse sand¬ 
stone can not be attiibuted to uplift of any consequence In the hist 
place, it is thin and is succeeded immediately by a more widespread 
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Ftg 127 Middle Demntatt {Omndayt) hmstont listing disanjormally on Vppet 
Silurian (OhluktU) Itimstime m the Bmnitt qumiui at Noith Bufjith, Netv 
Yolk The Bum wattrlimt ts the soma of many of the Stlunan tmyptmds 


and geneially latliei pme limestone, and, m the second place, the 
weathciing nf crystalline locks produces vastly inoie miul than sand, 
yet tins foimation has piaotically no known shaly equivalent It 
piobably leproscnts a sandy mantle that had foimecl ovei the ciystal- 
linc lowlands of old Appalachia and the Adiiondacks dm mg late Silu¬ 
rian and eaily Devonian time, and was now shifted into the sea be¬ 
cause of some climatic change that gave the sticams moic canying 
power It ceitainly does not imply the degiadation oi higlilands 
In the fold belt of the modern Appalachians, the Ouskany fnnna- 
tion lb the cliiol souicc of pme quaits foi the inanutactuio of glass 
The Tiliddle Devonian begins with the Onondaga limestone that 
extends as an unbioken sheet from the Hudson Valley to ccntial 
Ohio (Fig 1271 Acioss Nerv Yoik it is commonly about 100 feet 
thick, but it thins to the southwest It locally grades into shale iii 
Pennsylvania, Maiylaiid, and Vngima, but elsewhere is generally a 
crybtallmc limestone Coials aic abundant, and icefs are widely clis- 
ti ibiited and, m places, are of large size One of the most famous nf 
these loefs is oiossed by the Ohio River at Louisville, Kentucky, 
vheie it fmms the “Falls of the Ohio” Obviously, Appalachia was 
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still low, so that detrital sediment was limited to a narrow belt near 
shore while the Onondaga limestone was foiinmg 

The Hamilton group, which succeeds the Onondagan, is a gieat 
wedge of detrital material some 2fi00 feci thick in eastern New Yoik 
and about 2000 feet thick in central Pennsylvania, thinning progics- 
feivcly towaid the west ‘ This profound change iroin the calcareous 
deposits of Onondagan time was due, of course, to the beginning of the 
Acadian disturbance Uplift in Aiipalaehia had suddenly begun the 
icjuvenation of the streams and started them cariymg mud and sand 
This material was sorted and size-graded by the waves and cm rents 
that spread it across the shallow sea flooi, and the sand and giavel 
weie deposited in the east, while only fine mud reached beyond the 
geosynchne into Ohio. 

Along the face of the Catskills (and down the strike in Pennsyl¬ 
vania) the lowei part of the Hamilton group consists of daik-giay 
silty shale bearing marine fossils This is succeeded by siltstono and 
gray sandstone, also carrying marine fossils, and these, in turn, by a 
reclbed complex in which red shales alternate witli gray sandstone and 
conglomciate In this upper pait, no marine fossils have been found, 
but land plants are picscrved, the imprints of loots arc common, and 
stumps of tices, river clams, and fiesb-watcr rishcs occui locally Tii 
giay sandstones quarned for the dam of the Gilboa Pc.servoii, stumps 
OCCUI in abundance at thiec distinct levels (Fig 143) Fossils occiii 
mainly in the gray sandstones, while mud cracks aie widespread in 
the red shales 

It is quite evident tliat conditions had changed gicatly in this local¬ 
ity during deposition of the Hamilton beds At fiist this was a muddy 
sea flooi, then a shallow sandy sea floor, finally a lowland across 
which streams threaded then W'ay thioiigb jnimcval foicsls Tliose 
stiearns weic choked with sand and giavel, now preserved as the gray 
cross-bedded sandstone and conglomciate During floods, icd mud 
from the warm humid slopes of Appalachia was spicad widely over 
the Intel stream areas Rainfall was seasonal, so that such deposits of 
fresh mud wcie dried and ciacked into sun-baked polygons bcfoic 
the next flood season Since conglomerates increase in coarseness 
toward the top of the group, it is evident that Appalachia was rising 
during Hamilton time 

As these redbeds arc tiacccl westward along the strike (Fig 126), 
they are found to giade laterally into giay sandstones bearing marine 
fossils, and, miles farther west, the sandstones grade into siltstones 
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and finally into soft calcareous shales, iich in fossils of many kinds 
Still farther west the shales become black The shoreline of any par¬ 
ticular time obviously lay where the plant-bcaimg redbeds are le- 
plaoed by giay marine sandstone, and the redbeds here iccoid the ex¬ 
posed smfaco of a gieat delta 

The Upper Devonian foimations generally resemble the liamilton 
group Although divided into six stages, each of these grades laterally 
fi om ledbeds in the east to black shale in the west “ The i edbed facies 
IS limited to the eastern margin of the Hamilton group, but in succes¬ 
sively highei zones in the Uppei Devonian it spreads faithei west, 
obviously the exposed (subaerial) pait of the delta was growing, and 
the shoreline was being crowded back Late in the period the slioie 
was far out in western New Yoik and in northwestern Pennsylvania 
This complex of maiine and nonmaiinc strata was not the work of 
one great iiver but a compound delta foiuied by many streams flow- 


NEW YORK SlAnS MUSEDM 

Ftg US Uppii Deiimtan shalu and Jla^y sandstones of the Naples stage in the 
gorge of Genesee near Mount Moms, New York 
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mg noitliwcstwaid out ot Appalacliiu The siil)aeniil pait fiinm'd a 
wide coastal lowland some 200 miles acioss, and the subaqueous iior- 
tinn extended clcui acuiss the geosyncline The evenly bedded sill- 
stoiies and fine sandstones laid down tar fiom sliorc me well exposed 
in the gorge of the Genesee River south ol Eochestci (Fig 128) 

The thickest part of the delta was in Pennsylvania, not fai fiom 
Hariisburg, wbeic the valley ot the Susquehanna cxiioses about 18,000 
feet ot Middle and Upper Devonian strata, ol whieli the upper 5000 
feet aie red Pioin cenlial Pennsylvania the system thins to the wmt,h 
and west 

tVest of the geosyncline, in Ohio, Indiana, and Kentucky, the Dc- 
lonian is thin, and only parts of the peiiod aie lepicscnted, the Mid¬ 
dle Devonian is chiefly limestone, but the Upper is gencially black 
shale 

Michigan Basm. Michigan was the site of a basin-like depressinn 
sepalaled from the geosyncline by a northward extension of the Cin¬ 
cinnati aich, wdiicli was cincigcnt from tunc to tune or at least seivcd 
as a tlircsliold to pi event the sjircad ol defrital sediments from A]i- 
palacliia Here the Middle Devonian is exceptionally rvell developed, 
mostly in a limestone facies Coral icefs aie strikingly displayed 
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in some of these beds (Fig 129) Because of the difference m facies 
and the partial isolation, the faunas of New Yoik and Michigan are 
largely different, but a few key horizons can bo idenLifiecl in both and 
permit the corielation shown in Fig 130 

Cordilleran Province The Devonian formations of the West are 
laigely calcaieous and generally much thinner than those of the East 
They are also less well known In the deepei part of the Coidilleian 
geosynclinc in casfcein Nevada (Eureka distiict) there is a thickness 



I'Tci 130 Stratigiaphio diagiam of the Middle Dovonmn foimations finni Llio Catslcill 
Mountains in Maw York to the Michigan Basin The inset map shows the outoiop belt 
which the section follows 

Black shale is shown as solid black, giav marine shales aio unshaded, the sandy inanno 
facies IS stippled, and the lodbod facies is moie darkly shaded AdnptodfromG A Coopei 
et al ^ 


of 4000 to 6000 feet of limestones and calcaieous shales that appar¬ 
ently lepie&cnt nearly all of Middle and Late Devonian time Else¬ 
where, in general, only paits of the Middle and Late Devonian are 
repiesented, and, except in the Canadian Rockies (Fig 131) and in 
the lowci Mackenzie Valley, the foimations are but a few tens to a 
few hundreds of feet thick Neveitheloss eeitain horizons aie repie- 
sented by very clisLinctive and widely distiibuted faunas 

Peiliaps the most inteiesting of these is the Stringocephalus fauna 
of Middle Devonian time, maikcd by the presence of the large and 
stiikiiig hiachiopod fiom which it is named (Fig 132) The onginal 
home ol this hiachiopod is Euiasia It was first discovered m Amcnca 
in the limestones that foini the “ramparts” of the Mackenzie River 
east of Alaska and has since been found in Manitoba, Utah, and 
Nevada 

Another widespread horizon is the Theodosia hungerfordi zone in 
the Late Devonian, which is best known in Iowa but is also widely 
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spicad m the Ooulillcran region fioin Arizona unitli into Canada and 
west to the Paoiflo coast (Giilifurma) 

Ill the lower part of tlic Mackenzie Valley the Middle and Upper 
Devonian foimations thicken greatly to the iioitli and pass largely 
into detutal sediments, indicating local highlands m the far north 
In Ellcsmeie Land, west ul noilhorn fliecnlaiid, thcic is also a vciy 
thick Devonian section ol coarse dctiitus 
Special Intel c’ht attaclies In the lumnuiinic strata ol East Giccii- 
liuid, wliidi contain a maudnus record o( llic cm host known land 
vorlebiiitcs along with abundant fislies and land plants “ These de¬ 
posits iiifiludc led and gray sandstones and shales and at the base hare 
thick, coarse oonglomeiiitcs Tlie whole sciics, wliieh reaches a thick¬ 
ness ol at least 3000 and possibly 10,000 feet, miphes the lather lapid 
ciosioii of ncai-by hujhkmds ihut lai/ to the east oj the present const 
uf Uiuenlaiid 


CHARLES D WALCOTT 

Fig i3i Moimt Divm, about 20 mies noith t[ Lnlt Lotuu ui thi Canadian 
Rocktii of Albeita, expoimg about 2000 jut of Dtronian hmestonti 
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The “Old Red Sandstone” of Europe 
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The eatly Paleozoic systems (Cambiiaii to Silmian) have yielded 
abundant I'cmains oi maimc life, but not until the Devonian do we 
get the fiist clear glimpse of the cieatuics of the land and the stiearns 
Thcic is special fascination, theiefore, in the nonmanne Devonian 
locks which hold the record of the piimeval spiead of the foicsts and 

the coming of an-bicathmg land 
vertebrates Tlie Ainciican foima- 
tions of the Catskill delta have been 
noted, in the British Isles similar 
deposits, long known as the “Old 
Red Sandstone,” are vastly thickei 
and more fossihfciovis They he 
in a senes of live stiuctiiial basins 
{Fig 133) that weie tonned be¬ 
tween the ranges of the old Cale¬ 
donian mountains During Devon¬ 
ian time these basins leceived the 
sediments fiom the lUgged moun¬ 
tains ]ust as the Califoima Tiough 
IS now being aggiiidcd by the 
streams fiom the Siena Nevada 
The several nanow basins sub¬ 
sided as they weic filled, so that 
vast thicknesses (up to 37,000 
feet) of sands and muds accumu¬ 
lated without allowing the surface 
of the basins to sink below sealevel 
The conditions of deposition and 
the nature oi the climate may 
be mfeired iioiu the study of these rocks and their iossils The sedi¬ 
ments weic coiimumly pooily soiled and they vary gieatly from place 
to place, these featmes suggesting the w'ork of siroams lathcr than the 
sea Conglomei ates locally of great thickness and in places including 
coarse blocks sei'cial feet in diameter represent fans built whole tor- 
lential streams debouched into the basins The puici sandstones aio 
commonly etoss-bedded, like the channel sands ot sticams The silt- 
stones and shales arc maiked with imid ciaeks at many hniizons, and 


\ 


\ 



Fig 132 Strinaoce 2 ihalu.s, a laige 
biacliiopod chaidcteiiznig n widespiead 
Devonian hoiizon m ■\vGstein America and 
in Eunisin Natnial size 
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in places bear the impimts of Dcvmiiiin uiinflio[is Obviously these 
beds aio the deposits of floodplains whcic the mud spread dunnp, the 
wet season lay exposed (liiiinf" llio diy montlis that followcil 
Althoup,!! led is (he dominant, color, (heio aie also thick iiicmbcis of 
giccmsh-yay saiidslniio and siltstonc and giay shales The led sedi¬ 
ments aic coniiilctely oxulized, hence tliey iiiiist have come (o icwt 


wheie the drainage permitted 
good aciation of the anil duiing; 
the dry seasons The gray heds, 
on the contiaiy, wcic formed 
where the ground water .stood 
near the surfaec, oi at tunes 
when lamfall was disinhiilcd 
thioughout the year so as to 
prevent deep diying and oxida¬ 
tion The widely distributed 
mud cracks hear witness to sea¬ 
sons of diouglit, but thcic aic no 
bedded sail ni gypsum deposits 
in the sciics, and dune sands aic 
lacking or unimportant More¬ 
over, the aliundaiit fos.sils shoiv 
that this was not a dcseit In¬ 
stead, it must have been a legion 
of semiand climate, one in whicli 
the lainfall was largely sea¬ 
sonal, so that periods of plenti¬ 
ful moisture alternated vitli 
seasons of clioiight This would 
cause the ficqucnt wotting and 
drying of the soil so conducive 
to the formation of lerl scdi- 



Fia 1.33 Map ‘iliuwiiiK tho ilisl MlnitiiiM 
of tho Duvoiiidi) foiiriatiuin [hUuk) ni llio 
Biilish Isle*. Tho stipplod luoii nipu‘-.(Mits 
tlic piobtiblc Dxtent of inainio iind Inackisli 
watei in Devoiiimi tiiiio Tho othoi aiciis, 
outlined by dotted liiiOM, weio iiiteiiuoiit 
buhins Aftci Bniiell 


ments and would account foi the mud macks on tho wide floodplains 
The dominant animals of the Old Red aie frcsii-water fishes, of 
which there aie many kinds Eurypteiids also aie common in the 
lowast bcd,s Althougli tho eailicr euiypLends aie gciicially associated 
with marine fossils, those of the Devonian and later times are always 
found with Ircsh-watci fossils and land plants, indimiling LliaL liy 
Devonian time they had invaded the rivcis, eithci to spawn or to 
make their permanent abode Plant fossils aio locally abundant 




216 


HISTORICAL GEOLOGY 


Devonian Disturbances in Other Countries 

Dunng early Devonian time the northern part of the British Isles 
Tvas the theatre of igneous activity on a laigc scale To this time also 
belong the volcanic locks in the midlaiid belt of Scotland, as well as 
pait of the granites of this legion and of the English lake district In 
■westein Gciinany the Lowei Devonian alone has a thickness of 9750 
feet and is evidence that high mountains existed hero also 

The most extensive orogeny was in eastern Austialia, where the 
Kanimbla Mountains wore loimcd at the close of the pciiod in a fold 
belt that stretched the full length of the eastern border of the con¬ 
tinent Much Igneous activity had occurred during the period m this 
legion, and the Devonian strata and associated volcanics are said to 
be over 30,000 foot thick The uplift and folding at the close of the 
Devonian wore accompanied by the intrusion of gianite batholiths 

Eeia, a Great Northern Land Bridge 

Throughout Devonian time North America was apparently con¬ 
nected with Euiopc by a land bridge which later subsided beneath the 
north Atlantic This hypothetical land has been called Ena Al¬ 
though the evidence lor such a land biidge is cucumstantial, it is none 
the loss convincing 

The Acadian folds cioss Nova Scotia and Newfoundland and stiikc 
along a great circle directly towaid Ireland The present ragged coast 
lines of Acadia and Newfoundland show that these mountain folds 
have been bioken off and must oiigmally have extended farther east 
Likewise, the Caledonian ranges formed m western Em ope at the close 
of the Silurian follow the axis of Scandinavia but cuive westward 
across Scotland and Ireland to strike directly toward the Acadian 
area These folds have also been broken off at the west During 
Devonian time, iiioieovei, the “Old Red” sediments, which reach such 
a vast thickness, were coming chiefly fioin the nuithwest into Iicland 
and Scotland from highlands that have since become submerged in the 
Atlantic In shoit, there is clear structural evidence of land extend¬ 
ing northeast fiom the Acadian aica and southwest from Britain, and 
the folds, although of diffeient age on opposite sides of the picscnt 
ocean, ate almost precisely in line Conclusive cviclcnco that these 
two lands met is to be found in the land plants and fresh-water am- 
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much alike on both sides of the Atlantic that it seems cleai they weic 
flee to migiate across an easy land bridge How wide the bridge may 
have been is now impossiblo lo detcimine, but it seenis piobablo that 
the shallow bank between Biitain and Gieenland, from which the 
island of Iceland uses, may be a vestige of this old land 


Olimatks or’ Dmvonian Timm 

The tcmperatuic was doulitless divcisilied ovei the Rarth and vaiied 
locally with changes in relief and m an and ocean cm icuts, but tlie 
most striking evidence wc have indicates mild elimate and a lack ot 
strongly marked climatic liclts Foi examiile, eoial reels wcic inoic 
extensively developed m tlic AIid-Dcvonian seas than at any other 
time save the Micl-Siluuan Fnithcinunc, flio same genera and spe¬ 
cies existed m Kcntuckv, Ohio, New York, and the Hudson Bay 
icgion The same disregaid foi chmatic zones is seen in the fact that 
several faunas uiigiatcd from Eurasia into Amenca by way ol iiic 
lower Mackenzie basin This route hiought them well wilhin tlm 
Aictic Circle and thiough piescnt polar seas Examples of fins kind 
aic (11 tlic Stnnqoccphalus and (2) the If ijpothyniiind Jaunaf, of the 
hluldlc Devonian, and (3) the Theoclo'na hurujcijouli fauna of the 
Upper Devonian 

Fuithermoi e, the land plants aic nnich alike in the British Isles, 
Spitzborgcn, East Gieenland, and New Yoik Such distrihution of 
animals and plants would have been iinpn.ssililc if (he elnnaiic zones 
had been strongly marked as they aie now 

The icdhcds of the Catskill icgion and East Gieenland, like the Old 
Red of Euiope, have been interpreted by some geologists as the clc 
posits of and basins, but the abundance of fossils, the general lack of 
wind-blown sands, and other fcatuies make this altogcthci impiob- 
able In the modem woild, red soil and red mantle form chiefly where 
the climate is humid and wai'm, and wheie the rainfall is seasonal 
The warmth and humidity provide ideal conditions for the thorough 
oxidation of the mantle, so that the iron is changed Lo a reddish hy- 
dioxide Stiong seasonal lainfall in the basins of deposition allows 

■•■The few supposed eases of Rlacial pvuleneo appear t,o maik local glacicis, 
piobably of the valley glaeiei lvi)o (Knk, 1918, m Alaska) The best, evidence 
ooouis in South Atiiea, whoic the late Lowei Devonian (Table Mountain seiies) 
has nmeh to mdicatc the picsencc of glaciens moving fiom 'west to oast On Ihc 
olboi hand, Euedemann has .shown that Claiko’a cvidoncu of shoie ice in Now 
Yoik and Quebec is gioundlesa 



218 


HISTORICAL GEOLOGY 


drying and decay of the vegetation, which would otherwise tend lo 
reduce the non and produce dark colors It also favors the foimation 
and preseivation of mud cracks, a very striking featuic of the icdbeds 
Although the Devonian redbeds appear generally to have come 
from warm humid slopes, theie is local evidence of considerable 
aiidity m Montana and Alberta wlieie much anhydiite was jirccipi- 
tatecl during part of Late Devonian time (the Potlatch anhydiite) 

Devonian Life 

Evolution among the Marine Invertebrates. The Devonian seas 
swarmed with animals of many kinds (Figs 134, 135) Wheie the 
seas weie cleai, cmals (PI 7, figs 1-3) made leefs, and some nt the 
species reached laigc sizes The gieatest of all cup coials, Siphono- 
phientit, gigantea, piocluccd individual coralla as much as 3 inches 
acioss and 2 feet high Compound species locally funned “heads” as 


BUFFALO MUSUUM OP ECIBNCD 

Fi^ lU Ricnnstiuctun efa hit ef a Devmait cmal leif, with aisociatid staweeds, 
spongu, and othei rnmni ammds a, ciimid, h, nmvetd, c, coidt, d, spm^etj 
e, a siicitl About natmd tKie 
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great as 8 feet across Among these reefs the licincycomb corals were 
especially piominent Btyozoa of many lands, and crmoids us well, 
also lived on the leols, and the hydroid “coial,” iSDoiitatojioia, funned 
encrusting deposits, cementing other shells togethci 
Bmdiiopods (PI 7, figs 6-161 were now at then elnnax, and the 
spinfcrs wcic pai ticularly varied No lewer than 700 kinds ol Devo¬ 
nian bracliiopnds arc known in North Aincriea alone. Pdu i/pods (PI 
8, figs 1-6) found the muddy and sandy hoitoms of the Middle and 
Late Devonian seas to then liking and now became ninie common and 
more diversified than ever before Some of these, adaplcd to hui row¬ 
ing, took on foims much like the modem razoi clams, wheieas otlicis 
were attached by elastic throarls like modem pearl clams and, like 
them, became “winged ” The (indropods (PI 8, figs 13-15) aie not as 
a lule well picserved or highly divcisified Ceplmiopodti wcic vaiied, 
although only locally abundant In some oi them the inaigiiis oi the 
septa wore folded or ruffled so that the sutures between septa and 
shell show strong flexures (PI 8, figs 9 and 12) Tiicsc aic the pmm- 


NLW ^UllK SlAir MUSEUM 

Pij (35 Ltfe of a Dmnt/in tea poi Cetitti, a fitllul iilihde[md (Cyiiiaiiti) 
attacking a 'ithhtU {Hmiialamtits), left, a latff uiimid {Stypimtmit) and 
heUwtta tpmy trtloliite(Teiataspti), itf}it,otlxrt\tUhitit, thdh, and te/iwcidi 


I , 




Plate 7 Devonian Coialfa (1—3), Blastoids (4—5), nnrl Riachiopoda (C-16) 

Fig 1, Cy8ixp?ii/ZiuTn ijeatcuiosum, 2, Favosites coniciia, 3, IJeho'phyLltim halli, 4, Pvatrern^ 
ttidea filosa, 5, Nucleocii7ius vornemlv, 6, Chonctes coronatus, 7, Sii opheodonta dcm/issa 
(dorsal view nf shell and inteiioi of pedicle valve), 8, Productella callawai/cn&ii>, 9, Tiopido- 
leptus carznaius, 10, Cransena sitlhmnli, 11, Atryparockfordensis, 12, Cosizspiri/ei arenosus, 
13, Mucrospiri/er rtvucronaius, 14, 15, Plalyrachclla Tnesvslrialis (oblique view with vential 
beak down, and doisal view), 16, Rensselseria elongala All natuial s>izo Diawn. by 
L S Douglass 





Plate 8 Devonian Pcloeypods (1-0), TiiloliilcK (7-8), CcplialopotlH (0-12), 
and GasUopoda (13-15) 

Fig 1, Cornelhles flahenus, 2, Nyassa wguta.: ,3, Gomnphnra hnrmUnnrn^is Lcvlodcima 
longispinum, B, OithonoLa iindnlata, 0, Grammyaia Uaulcala, 7, Gtrawpi 8. 7 liarop 

mna, 9, 10, Tornoceraa umangidare, 11, Bactiiles aiLonensib (Iiagmont), 12, Agoniatitri 
vanu-^emi, 13, Plati/ceias reflexum, 14, Bemhexw, sulcomaiainata, 15, Loioncma iiamiLlamii' 
All natural size Diawn by L S Douglass 
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tive foims of the ammonites, a tribe of ccphalopods that became stead¬ 
ily more important in the Late Paleozoic seas and dominated all 
othei kinds of molluscs during the Mesozoic oia Their appearance at 
this tune is one of the most significant advances in the marine life of 
the Devonian peiiod 

Although trilobites (PI 8, figs 7, 8) were on the decline and i da¬ 
tively few lands aie foundj they weie locally abundant, and some 
among them were of large size, one species of Dalmanites reaching a 
length of 29 inches, probably the rccoid for all time 

Groups that were less common but on the mcicase weie the blas- 
toids (PI 7, figs 4, 51, stai fishes, and echinoids A gicat slab of liam- 



Fig 13e Model of the giant aithiodire, PinicAl/ti/s Actual length about 20 feet 


ilton sandstone, found at Mount Marion, New Yoik, and now m the 
State Museum at Albany, oiiginally pieserved the casts of more than 
400 staifish, some of which died hovering ovei clams they were in the 
act of devouimg just as the modern staifish eaL oysteis Cnnoids 
were as common and varied as in the Silurian Siliceous sponges, 
somewhat like the modern “Venus’ flower basket,” wore locally abun¬ 
dant, especially in the Late Devonian in central New Yoik 

Ascendancy of the Fishes Although scattered bony plates occur 
in rocks as old as Middle Oidovician, fish lemains aic extiemcly raie 
until we come to the Devonian, and then they arc locally abundant 
and highly diversified This must have been a tune of lapicl evolution 
for the gioup, since before the close of the poiiod several of the great 
01 dels of fishes weie piesont, and they were widely distiibuted m 
the seas and in lakes and sticains 

Shaiks weie common in the seas, but aic known chiefly from teeth 
and fin-spines, since their skeleton is cartilaginous and their scales 
microscopic The majority of the sharks were small and of noimal 
form, but one gioup specialized icmaikably and developed into the 









-Fig i37 The Ajiaau luii^fnh, Tlutoj>U)ns Lefi, the Jish :n iti “coiaon" a\ it 
was shipped fiom Afiua to Chita^o in an open tin can The ihipntem was m 
tianeu }oi tnote than 6 imntht, dmiiif, which time the jnh lived thii\ encased m 
titled mad hhi^ht, the sami a/tei heni^ pimei! in an itiiumiiim Ttam Tiiilox 
News, though the coiutesy oj the Oeneial Biolognal ^iijiply House, Lac 


largest animals n[ the lime Tlioac tiro (.be Aithiodim, nl' whieli the 
genus Drraihlhyfi (Fig IPiGI rciiclieil u Icnglli ol 20 feel, Unlike uthei 
fish, the arllirodncs bore a hea'VT armor of bony iilatoa Ibiit not only 
covered the hcarl bid. also, like a einiass, reached back over the fioiiL 
part of the body The trial es (bat eoveied the jaws weio developed 
into shears that look the iilaro of line teeth The arlhrodircs were 
an aberrant gioup of shaiks that evolved i.i|ndly, achieved gieat .size, 
became too specialized, and died out early in Iho next period 

Far greatci irituicht attaches to the Chnumchlhyen, a puimtivc stock 
of air-bicathmg fishes that was dominant m Devonian time but is now 
nearing extinction The name leters to a feature not found in any 
othei fishes, namely, a pair of openings in the roof of the mouth which 
communicate with the cxl.cnial nostrils ami permit brealhing tbrnugli 
the nose, as in land animals (Gi rhoana, intcinal nostiil, -|- xrhthyos, 
fish) This IS the stuck from which all the higher vertobiiitc& were 
to develop ’’ 

At least five genera of this gioup are still extant, but uiifoi tunately 
they occupy i emote parts of the world and aie not commonly known 
Perhaps the most rcmaikablc is Proloytanu,, the Afucan luugfish 
(Fig 137), which lives in the uppei reaches of the Nile, where humid 
winter seasons altoinatc with diy siimineis During the wet season 
Protopiterus swims about and breathes by means of gills like any otlici 
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fish, but during the summer, when the swamps go dry, it burrows down 
into the mud and makes a ]uglike chamber, where it goes into a rest- 
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Yale Peabody Museum 


Tig 13S The Devonian cioaaoptoiygian, EuUlietiopieron foonh, Trom Uie Uppei 
Devonian beds neai Escummac, Quebec Actual length of the fish about 2 feet A model 
by Gcoi ge G Simpson 


ing stage like hibernation. Unlike the condition m most fishes, its 
swira-bladder is connected with the thioat, so that air can be inhaled 
or exhaled at will, furtheimore, this organ is supplicfl with a plexus 



Fig 139 Reaemhlanoes between a ciossopteiygiaii fin and the hmb of a piimitive 
land animal Left, uiiietouched photogiaph of tho left fiont fin of Euslhanoplaron Jaouh, 
oentei, diagi.im of the ateletal elements of the same fin, right, the ooiiespoiiding htnb of 
a late Paleozoic amphibian, Eryops Photogiaph fiom W L Biyant, diagiaras aflei 
W K Giegory Foi a lestoiation of &j/oj)s, sec Pig 193. 


of blood vessels which have the power to absorb oxygen and discharge 
carbon dioxide In short, the swim-bladder in this fish is a rudi- 
raentaiy lung in both structuie and function As the water disappears 
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(luimg the chy soabon, Pwtopteiiif, ib Ihtib al)lc to brcatlic air like a 
land animal, but with the telnm of the wet boason it wnggles out of 
its mud “cocoon” and swiiiis and hreathes again like a iioiraal fish 

A diffci'cmt and iierliapb nioie hignifieant liahiL is shown by another 
living liinglish, Nco(eudodu\, wliicli is found in tlic rivei.s of and 
noitliern Australia Dining the diy seasons it continues to swim 
about, merely coming to the suifaee moie olten lor a lireatli ol air, 
as the walcr heconies so stag¬ 
nant that gill-hreatliiug is in¬ 
adequate Its ludiiiicntary lung 
inciely supplements the gills at 
all times, hut it jicimits this lisli 
to live whole the water heconies 
so stagnant and foul that others 
perish 

In Devonian time the ('hoa- 
nichthyes included two gieat 
tribes, the Dipnoi and the 
Ciohi^opteuiqn The living ex¬ 
amples dese.rilicd aliove lielong 
to the Diinioi, and hk(' all the 
fossil rcprcscntalives of tliat 
group, tliey aic dolicieiit in liav- 
ing very ivcak fins, in larking 
true teeth, and in otlici ve.sjiects 
which indicate that none of them 
could be ancestors of the liighci 
animals The Ciossoiiteiygii, 
on the other hand, show a 
combination of charaetors that 
makes them almost a perfect connecting link between lishcs and the 
lower tetrapods, that i&, the foui-legged, air-hrcatliing vcitcbratos 

The Croshoptenjgu (Gi cio,s,soi, a hinge,pterypion, a finl are 
so named because their fins have a btout niusculai basal lolic beyond 
which the fin rays extend as a iiiiigc The fleshy basal lobe, lacking 
m other fish, is the significant thing, for it is the foioninncr of llio 
limb of higher animals 

Of Devonian Gi ossopterygii perhaps the liest known, and certainly 
one of the most significant, is EnUhenopteion (Fig 138), lemuins of 
which aie abundant and exceptionally iirescivcd m Upper Devonian 
beds near Escuminac, Quebec Throe features are notewoithy (1) 




110 Ichthiin^ti'U^d ('lylth 
voiiiiin luOyiinlliodont fioiii Mount ('olsuis, 
Ihasl Giconland Doistil and sido viows aftoi 
Save-Sodoi bu tluoiJKh lh(‘ (nmU'sy of 
J.ango Kotli bengtU of hIcuH alioiit b inclios 
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the stout skeleton in the basal lobe of each fin (Fig 139), (2) the 
pattern of bony armor plate on the head, and (3) the sharp conical 
teeth, in which the co'vcring enamel is deeply and intiicately infolded 

Emergence of the Tetrapods. 



Ynlc Penhndy Mnteum 


It IS no accident that the appeal- 
ance of primitive tetrapods fol¬ 
lowed closely upon this rapid evo¬ 
lution of aii-bicatliing fishes In 
1928 a Danish expedition working 
ill East Greenland, under the lead- 
eiship of Lauge Koch, came upon 
well-pi eserved skulls and incom¬ 
plete skeletons of the oldest and 
most piimitivc ol the land veite- 
biates yet known (Fig 140) They 
occur in some abundance in non- 
marine beds of late Devonian age 
that closely resemble the Old Red 
sandstone of England The skulls 
range m length fi om 4to 7 inches 
and indicate spiawling animals 
shaped hko a young crocodile and 
3 or 4 feet long They represent 
the Labynnthodovha, a primitive 
gioup of amphibians, so named be¬ 
cause tlie enamel on then teeth is 
complexly infolded, piesenting, in 
cross-section, a labyrinthine pat¬ 
tern (Fig, 141) Ncaily all the 
Paleozoic amphibia wcic labyiin- 


Ftg 141 A labyrmthoclont tooth, 
side view and noss-scotion (X5) The 
Pleases on the suiface aie due to infolding 
of the enamel as revealed m the cio&s- 
section Pofaition of the section is indi¬ 
cated by the dashed hue acioss the aide 
of the tooth 


thodonts (Gr labyi inthos, laby¬ 
rinth, -h odou't, tooth) 

It is now quite cleai how the 
tetrapods evolved fi om the air- 
biealhing fish and why the fiist ones 


weie Amphibia Members of that 


gieat class, which includes salamanders, toads, and fiogs, aic still in¬ 
completely adapted for life on land They return to the water to 


spaum and lay small and simple eggs which, like those of fishes, hatch 


into tadpoles that breathe by means of gills and aie essentially fish- 
like until paitly giown, when legs bud out from then sides, lungs 
develop fiom their tin oat, and the gills are lesorbed Then they leave 
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the watoi and bicathc air . But they still aic not quite fully adapted 
to land life; they must return to the luitci to siniwn, und ino'-L of them 
remain in moist planes and spend part of the tune in the walei Com¬ 
parative anatomy and nntoi!;™y both indirate that they evolved fiom 
fishes, and the |>colofi,ie leeoid iiidieati''^ rather clearly when and uiidcr 
what ciicumstanecs the rhaup,!' took plan* 

The "Old Ked” type of Devonian foiiiiations arciimul.ilcd nvei 
basin floois where the nun fall was seasonal fiiieh condilions jieisisied 
throughout mueh of Devonian tune in eastern Noiih Aiiierii'a and 
western Einope, and lieie foi millions of years (he fish living in the 
stiearns and evanescent lakes had to endure annual seasons ot diought 
Again and again the shrinking wateiholes hiought death and desinir- 
tion—but always there, weie some that did nut go diy, and llioie the 
suivivors wcie ciowded m stagnaiil watei, staivuig lor oxvgc'ii ’ A 
great picmium waa thus placed on alnlity to gulp an and to use the 


AMEHICAN MlliUUM or KSIUIUI. IllllOllY 

Pjj 141 Stugti m tie tiaatitim of the limj!,jnhei into Inhtiimheilenti, ii\ iccon- 
stiiicteil liy IV K Ciepiy Uft, the Demiiim ciouopniy/^inn, iiinhiiiajittion, 
leaving tie Uhitei to Jlomiilei nhout on in iiiincitliti Jiin: n/Jit, nn eiilly 
labyrinthodont, Dililoveitchioii, fiom tk loim Giikiiifeioin liedi of Bohemia 
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oxygon straight Pishes xvith swira-bladders that could function as 
lungs were thus at a great advantage and wcic stimulated to ever 
gi eater activity as the oxygen m the watci was depicted Those with 
stout Inis like Eustlienopteion could foisake their pools in the cool of 
the night and floundei about the banks in short foiays foi food Once 
the lungs had reached a certain efbcicncy and the fins had been modi¬ 
fied into stubby limbs, land vertebrates bad arrived 1 Tlic environment, 
of couise, had not produced these modifications, it had simply selected 
luthlessly those random vanants that appeared fiom Lime to time 
and weie better adapted to survive under such exacting conditions 
The tiansition fiom fish to tetiapod, as pictuicd by W K Giegoiy,’ 
is shown Ill Fig 142 It IB supported by so many detailed tcclinical 
facts that the Devonian crossopteiygians are now accepted by virtu¬ 
ally all Koolngists as the ancestors of the tetrapods For example, if 
we compare Eusthenofteion with an early amphibian, wo find concs- 


NEW VOUK SIATB MUSEUM 

Aj 14h Kfi-omtiuctm oj tht MilUli Dtvmtan fmest nt Gdbon^'titwYotk Rt- 
mnm of this aid joust attt dtscmicd diiimg conitiiictian wmk foi the Catikdl 
liseimr The Joiipound repiisents actual lock autaopi with thee honzons of 
petufed stumps m place, and the backffomid gives a vista urn the finest as it 
existed in Decoimit time e, the seed-fern, Eospeimatopteiis, p, a pumitm scale 
tree, Protokpidodeiidiim 
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pondencc in Llio head armor, plate lor plate, wo find the same olab- 
oiatoly intiirate infoldmji ol tlie cnunu'l ot the teeth (Fig 141), and 
theie IS a coircsiioudenco in otliei skeletal parts that ran not ho at- 
tubuted to eoincidenee In this eoiineelion it is signilieant that the 
Devonian hibyiintliodonts aio more jiiinulue lhan any others yet 
known in at least two lespocts, 
both of whieli etiiiihasiiie tlicir 
close rclationshiii to tlu' fishes 
One ol these is tlic snlniiarginal 
position ol the external nasal 
openings (Fig 140), and Ihe 
other IS the ehaiaetci ot the 
"lateral line” system (a special¬ 
ized sense oigan) that has the 
form of subhuilace canals, as m 
fishes, ■whereas in later ainiilnlna 
it loans only shallow giouvcs 

Land Plants and the Spread 
of Forests Evnleucc ot land 
plants is very scaiee bc’lore De¬ 
vonian tunc but plentiful tboie- 
aflci, and liy JVfiddle Devonian 
time there was a eonsideiablv 
diversified flora of jii'iniitive 
trees, some of winch have left 
petnfied stuiniis more than 2 
feet in diameter Among these 
were tall, slendei srale Lraes 
(Fig 143), pnnntive eve? gi eons with laigc bladclike instead of necdle- 
hke leaves, and almndanl feins and “seed jernR” These weie the 
forerunneis of the Coal Measures (loias of Pennsylvanian tune and 
in general were much like the lattci 

Although soft-tissued plants weic probably common long bcioic the 
Devonian, no fossil wood has been found in pie-Devonian rocks Yet 
no later age has failed to yield abundant evidence' of land plants Wo 
can not avoid the inference, Lheretore, tliat Ihc Devonian possessed 
the first foicsl,s that evei clothed the lands We need to tmn to the 
treeless bauens of tlie pi'esent worlil to appreeiali' wluiL the Early 
Paleozoic lands looked like and to realize the significance of this groat 
advance in the Devonian 

The oldest known deposit of well-pieservod land plants is in locks 
of the Old Red senes near Rhyme, m the Scottish county of Abcidccn 



I' t<j 1 Pntnilivo Dovoiiifiti Itmd |jhm(s 
AhU lOiifloa niac/iU'i, fiiicl /i, I/iiUKt 
hunuii, fiojii (!u» (.owi'i Dovoiuim IxmIh of 
RIi\ni(*, Scotland ‘Vliout miUuiif si/o 
Aftoi KuKlon and 
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The -wonderfully prcseived plants found there repiesent almost the 
simplest possible type of stiucturc a land plant could have, and sug¬ 
gest the steps whereby an aquatic alga adapted itself for land lite 
Two of these earliest of land plants are shown in Fig 144 
Associated with these plants and equally well picscrved aie the 
lemains of 3 gencia and 18 species of spiders, 1 form of mite, and a 
primitive wingless insect, showing that the air-breathing arachnids 
and insects had their rise at least as fai back as Eaily Devonian time 
Primitive land plants have now been found m abundance in the 
Lower Devonian of Belgium ° and of Wyoming 
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THE MLSRLSSfPPTAN PEPJOD 

The Carboniferoub System. The coal-boaunff locks o'' Europe 
and eastern North Anicnea weie aiiiouf!, (he lust to alii net the atten¬ 
tion of geologists As early as IHOS the iJelginiis leleiied to them 
as the “bituniiiioiis teriaine," and in Pnghiml they -aeie Iona; known 
as the "Coal Measuies ” Tlio nainc ('nrbomlotnu-!^ wiw iiitiodueed by 
Conybeaic and Phillips in IS22, when tbev atleiipded the hist gc'ii- 
eial account of the geology of England and Wales The wind "sys¬ 
tem” had not yet come into vogue, and (hey pioposed the (com "Cai- 
boniferous oidei” to eiiibiaee the Coal Aleasines and thiee iiiideilying 
groups (1) the Millstone gut and shale, (2) tlie Mniintain limestone, 
and (31 the Old Red sandstone The "Old Red” was tuinsfcrred to 
the Devonian system in 1S39 

The Coal Measuies in tniie were distinguished a.s the Uppe 7 ' Cm- 
bomfeious, and the haiien gioiips Ix'low' us the Lmi'cr oi iSuh-Cai- 
bonijeroiu’i The same dislinetion was uselul in .\iiieriea, where Die 
Upper Cai'buiiiferous locks eontaiii piaetieally all the iieh Paleozoic 
coals, and the Lowet Caiboiiifeious is barren Tii ISDl the U B 
Geological Survey recognized these divisions as lornial units and gave 
each a geographic name, designating Llio niiper the Penm^tilpanian and 
the lower the MuHusKip'pmn seriea ol the Caibuniferous syslrun In 
1906 Chambeilm and Sahslnuy iiomted out tliat these units not only 
differ in lithology ovei inueh of the eontinent hut also aie sepaiated 
by a major and veiy wulchiiread Iiiatus, and they aigiicd that each 
should be given the lank of a distinet .syslein This pioposal has 
steadily gamed favor and is now ueeepted liy neaily all Anieiican 
geologists' 

The Ameiiean usage has not been adopted, however, by most Eiuo- 
pean geologists, who still generally i('cognize the thubomleroiis sys¬ 
tem * 

’'■Tho U S GDologiciil Siiivcy also otlKuillv lecoKHizi's llic Cadionifi'ioiis sys- 
tpin and lioaLs the Mkssinwiipiaii iind iVnnhvhmnuii as .siih.syslf'uih, .'dlJioiiRli 
man'v membeis of tlic >Suivrv ptiv.ilcly .idvocidc' H'togniziug (Jinm as syslcrnh 
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Fig WA (lift) Faily Mtsstsstpptan (Middle 
Kitideihnokiaa) pakogsogatphy Land sm- 
face lightly shaded^ shallotv sea deeply shaded^ 
deep sea hotizpntally lined, pnmit outuops 
in black Chiefly nonmanne deposits ate 
maiked by black lined overptmt 


Fig (\tght) Middle Eaily Mufimp^ 
plan (Osagiati) paleogecgta-phy Symbol t as 
above This iepissents the maximum uebmei- 
gencefo) tJm penod 




Fig 145C (left) Middle Late Musissippian 
(Middle Chestettan) paleogeogtaphy Sym¬ 
bols as above 
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PlIVHK'AL IIlSTOnV Oli* MlSSlShU’I’IAN TlMB 

The Mississippi Valley Seaway 'The Aetuhiiu ch&iuiliancc at 
the close of the Devonuiu penod elevated Aijpalaelua lulo inountaiiis 
and transfoimed the suriaee ol the f!,e()hyiieliue into a bioad alluvial 
plain Tlie eciiLial and we'-tmu part ol the eontinent nieaiuvhde re¬ 
mained low, and the next Md)nierf!,eiiee hi(nip,ld, an inland sea over the, 
legion of the nuideru Mihsissip]u Valh'y Kui the long and riehly fo,s- 
silifeious record foiined here the iMississipputn systiun was named 
As suggested in Tig Idd, the sea not only entereil this rc'gion liist 
but occupied it luoic persisleiidv than any otlier duiiiu; (his iieiiod 
Nevertheless, the water was geneially shallow, aiul the legioii wa,s 
partially or completely cinergeut at seveial (iiiu's 
Restless Appalachia. Thioughoiit Ihc Mis.sissiiiimui peiiud the 
Appalachian trough eoutmued to suh.sido, luit, masmueh ns it was ron- 
stantly aggraded hy sediuumts deiived fiom Appal.u'hui, it leiiuuued 
for the most pint an alluMid plain haicdy aho\e sealevel At limes 
the .subsidence wa,s more lajiid Ihnn tlie Idling, and Die sea eiejit east- 
waid across the geosynehne only (o he ciowsled luick eventually as 
the heavily loaded sireams liom the east gamed Uic‘ usis'nihmcv Tims 
the shoreline lluctinded hack and foit.h aeioss the geosymdinc wdiile 
thousands of feci of deli dal si'dimenl.s ueennnilaled (hhg IdR) 
Meanwhile, Appalachia remanusl a lugged niihind m spite ol active 
erosion, and duniig the latter pail of (ho jicriod wii,s over iimro 
strongly uplifted until ihc sands derived from it siircaid as fai wmst 
as Illinois Olmonsly thus ancient marginal land w’a.s using dunng 
Mis&is&ippian tunc Towuird the close of the penod, it was a lugliland, 
at least as far south as Alabama At the same time movoment was 
beginning in Llanoria, a marginal land then occniiying the site of 
Louisiana, eastern Texas, anil part of the present (lull of Mexico Tt 
IS probable that by tins movement Apjialaehia and Llanoiia weic 
united and the old connection to the Atlantic via Alabama and Mis¬ 
sissippi was permanently cut oif, mcainvliile a new pas.sagc to tlie w'cst 
of Llanoiia and acioss Mexico was opened to leinain a dominant sea¬ 
way until the close of the cia 

Beginning of Changes in the West Muily in the Mississipinan 
period the Cordilleran trough warn widely flooded, and tin* putteiii of 
land and sea was .similar to Unit ol Jlevoman time The piesenee of 
typical marine faunas as fai north as Peace River (hit 5S°j in the 
Mackenzie Valley indicates tliat the sea for a tmio connected with the 
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Arctic By the middle of the period, however, the sea had vanished 
from the noithern ]iai't of the Coidilleran trough, although it persisted 
in the central and southern paits duimg much of the pciiod, as proved 
by sections in southern Alberta and British Columbia, and in Utah and 
Nevada Meanwhile the sea had biokeii across Cascadia to cover 
northern California, and a new trough, running near the present coast¬ 
line, brought a seaway southward into central Oicgon, bearing a 
pocuhai and distinctive Eurasian fauna not known elsewheie in Amer¬ 
ica The palcogeography of this westcin icgion is still imperfectlv 
known, and the inteiprctation given in Fig 145 is tentative 

Closing Episodes of Uplift and Orogeny In North Amciica, 
Late Mississippian time was maiked by inoie wiclespicad disturbance 
than any picvious pait of the Paleozoic era, as mountains wore made 
not only tin oughout the length of Appalachia but in Llanoria and in 
parts of Colorado as well These movements wcie the forerunners of 
others that followed intermittently during the icst of the Paleozoic 
eia and culminatod in the Appalachian revolution in the Penman 
Over the inteiior of the continent this late Mississippian unrest was 
maikcd by cmeigcnce and extensive erosion but without shaip defor¬ 
mation, the intense movement being confined to the maiginal lands, 
Appalachia and Llanona As a result, the Mississippian strata, either 
in the gcosyncline or thiough the contial states, generally he paiallel 
to the overlying Pennsylvanian, and evidence of marginal uplift is 
seen only in the dctrital character of the deposits 
During the long interval of etosion, the early Mississippian lime¬ 
stones of the Ozark region in Missouri and southeastern Kansas wcie 
subjected to eiosion and developed a karst topography with many 
sinks and underground caverns These were in part filled later by 
the basal Pennsylvanian foimations 
Beginning of the Colorado Mountains Although limestone accu¬ 
mulated widely ovei Colorado dming the early pait of the pciiod, 
latci uplift in the aiea of the modern Front Range caused it to be lo¬ 
cally removed The section restored in Fig 146 gives the evidence 
for this uplift In the iim of the Black Hills, which was far from the 
disturbance, Mississippian limestones are succeeded without discnid- 
ance by Pennsylvanian limestones In the Hartville uplift, however, 
the Mississippian limestone is oveilain with spectacular unconform¬ 
ity by red shales and sandstones of eaily Pennsylvanian age, box 
canyons as much as 100 feet deep in the light giay limestones being 
filled with the redbeds 
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The abrupt cliansic iioui liiiii-Munu tu detrital st'diinenfc clearly in¬ 
dicates that uplilt Imd taken pliice and that adjacent lands were being 
eiodcd Indeed, the deep canynn.s in tlie Missi.s.sipjnan locks prove 
that the Hartville legion ilscll had been (eniiuiiarily upliKed Farthei 
west, along the luaigin of the Fimit Range, the Peniisyhannul ledlicds 
overlap on Pie-Canilinan gianite, lint. Iheir liasal hiyeis include 
chunks of rchidual chert, bcuiuig MisHi.ssippntn los^-d^ It is theictoic 
evident that the Mississippiaii Inneslones weie once piescnl licrc and 
had been eiodcd auay liefoie I’ennsvlvamun iiinc Since Ihc Inne- 
stones aie still inchcnt in coiisnleialdc lliicknc-s in (lie Lcadvillc 


Front Range 

1 

Hoftville Uphfl 

Black Hills 

loomilos ^ 


rpre-6 


Pannsvlvonion 
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Fig 140 Itlouh/ocl siRdoii fnmi <lu» Uo< k\ M<mn(um I'lout ItiiniiK nc u TuhIomkIp, 
Coloiaclo, to th« Jlliidv. IhIN of Sonfli Dakota, sliouiujc tito rc]a{ions of tli(‘ Mi‘'Sissipjjniri 
^oimafciony diJUj»K Pt'jiiJsvlvaniuH <U»i»osil jon J'os'nlifoioiH s f>f Mjssissijjpian 

jDckjii the basal Pc'miHylvaiii'Ui <on|xl<niUMal<* vu* iii<h<a1<Mi 1)\ tlip h 1 oii^fh of 

beofcioii, about. 225 miles V(‘i la .vl s( aU* tJioaUv 

region farthei nest, the uphit was ob\ioiislv bcluecii beadi’ille and 
the liai'Lvillo aiea, and i(, probaiily look (he lorm ol a Inoad ui'cli or 
dome This disiui'liancc marks (he bcgmiung ol llu' (kilorado Moun¬ 
tains, an iiplilt that persislcd iiilo the next pciiod 
Beginmnq of the Oiiadnla Dislutlxitirc in Llnnona ' A xciy (luck 
mass ol detiitul loiiuaiious in (he OuucIuIlI (i/'ds/i'T 16) INIounlains 
ot Aikansas and soiitlicaslcrn Oklalioma also reflects shong uplift in 
Llanoiia near tlie close of the period, LIuiioiia was a land iiiass (hen 
occupying the aica of tlie luodern coastal licit of Aikansas, rvouisuina, 
and cast Texas and probably the iioilbcin jiart of the CUill ol Mexico 
It was icpcatedly uplittcd dining the Pennsvlvauian jieiiod, and in 
the Permian was thrust nortliwaid, eruslimg the thick Paleozoic de¬ 
posits of the Ouachita geosynclme and driving Ihein northward in a 
great ovciLlnnst aic to form the Ouacliiia Mountain,s Tlic ba.sal 

part of this thick detrital mass wnis foimed, of coiiisi', dm mg the 
caily stages ol the iijilift, but imfoiluiuitely it is still not certain 
whothci it LS late Mis.sissippian or eailiest Ikmiisylvauiaii (sec p 211) 
Theic wms also inaiked uplilt in souLlieiii Aiipalaclua near the close 
of Mississijipian time, jnoduemg a liigliland that suiijibed the 2000 feet 
of dctiital sediments (Paikwoorl) at the top of the .system and the 
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gieat volume of caily Pennsylvanian seclnnents that are now icpic- 
scnted in Alabama by 9000 feet of stiata 
Variscan Mountains of Europe. Duimg the Late Paleozoic, suiith- 
em Em ope experienced long-continucd, extensive, and complicated 
oiogcny. This resulted in a gieat chain ot mountains (Fig 147) 
that ran southeastward fioin Ireland acioss England to soiitlicafatein 
Fiance, then cuivcd northoastwaid acio&s Switzerland and soutlicrn 
Germany into Bohemia and Austria They have been called the 

Paleozoic Alps, the Hcicynian 
Alps, or the Vaiiscan Moun¬ 
tains The last name is picf- 
eiable, since these inoimtams 
had no genetic ielation to the 
modern Alps 

The giowth of the Vaiiscan 
Mountains involved foldins 
and fauliing as 'vicll as much 
Igneous activity This crustal 
movement cmbiacerl not a 
single distui bailee, but tliioe, 
one at the end of Mississippian 
tniic, one dining the middle of 
the Pennsylvanian, and an- 
othci at the end of the Pci- 
inian In some regions the 
chief distill bailee came at one 
time, and in others at another In parts of Fiance and Germany the 
major folding occurred at the close of Mibsissipjiian tunc There was 
also much volcanic activity during the Mississippian period in England 
as well as on the Continent The Kuen-Lun Range north of the Him¬ 
alayas likewise suffered inaikcd disturbance at the close of tins period 



Fio 147 Map ‘showing dutiibution of the 
Vaiiaoan langea of lafe Paleozoic date The 
“stumpa” of tlieae anoiont mountains aio now 
e\po8ed in the shaded aieaa 1, soiitlioin 
Ireland, 2, southwoatein England, 3. Aiinoii- 
can Massif, Brittany, 4, conhal massif of 
Pinnee, 6, Vosges Mountains, 0, Black Foiost, 
7, Aidennes, S Eizgobirga Adapted fiom 
E Kayset 


Stratigbaphy of the Mississippian Rocks ^ 

Appalachian Province. The Mississippian rocks foiincd ea.st of 
the Cincinnati aich contrast in almost cvciy icspect with those faither 
west While the Aiipalachian geosyncline was trapping the sands 
and muds from Appalachia, the low Cincinnati aich served as a thresh¬ 
old to check the westward movement of detiital sediment As a result 
the Alississippian foimations of the Appalachian region arc veiy largely 
sandstones and shales and, to a considci able extent, of nonmarine dc- 
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position, wlieicas those ioimed in the Mibsissippi basin are mostly of 
limestone and wholly nun me Kastein Ohio and southern Michigan, 
however, aie allied (o (he Aiipidachiiui u'giun 
In eastern aiul cenlial I’cnnsylvaiiiii, the Missis,sippian is generally 
divisible inlo two gimijis, Potoitu and Mmirh Chunk "rhe loniicr, 
which IS (he oldei, eoiiipiises giiiy saiidstoiu's and siltsloiies with le- 
mains oi land {ilanl.s and thin local coal hed.s Ooal Iroiii tins horizon 
near Roanoke, Virginia, was used on the Ingate Men mine m licr bat¬ 
tle with the Mdiiildi 'riie Poeoiio lias Muck meiiibeis of sandstone 
and, in the aiithiaeite field of east-eential Peimsylvania, includes 
ratlici massive beds of (iiiai tz-pehlile eoiiglomerate, it i.s one of the 
piQininent iidge makeis m the Aiipahiehian folds 
In inaiked contiast with this, the Maueh Chunk is composed of dull 
red sandstones and bright red silLsIoiu's and shale,s atlammg a total of 
over 3000 feet m thiekness These beds hear “lossil” mud eiaelcs and 
iinprchsioiis of laindiops al, manv lioii/oiis Fossils aie exeecdingly 
rare and cmupiise only liagmenfaiy plant remains and a vaiiety of 
amphibian footpi mis 

Traced westwaid, t,he Poeono gioiip mferlmgers wif.li lossihforous 
maiino zone.s in we.sleiii Penii.svhamn and giniluallv jia.s.se.s entiiely 
into fmc-giallied maime sandsfoiu's and shales (Waverly gioup) ni 
Ohio It IS evident (hat (he Poeoiio lepresenls a vast delta with it.s 
highest and thickest pint m laslein Pennsvlvanni, where it leaches a 
thickness in ewess of 2000 leel 'Pheie (he eoaiser sedimi'ut derived 
flora the east came (o rest, on (he suhai'iiul ])ail oi the delta, while 
the fiiici iiiafeiial W'Us iiaillv (uiiieil on to form the suhmarme foicsot 
slopes larthei f,o (he wes(, and southwest The Rfauch Chunk hke- 
w'lsc represeiils the suhaei ml deposifs ol a huv della ])lam, hut it 
foiined under conditions of maiked si'asonal lamlall 
A inaMinuiii thickness ol iiioie (han 8000 h'ot is attained by the Mis- 
sissipjnan system along (lie honlerol Virginia and West Virginia (Fig 
148) TIcie the middle part is laigelv calcareous, but the lower and 
upper third.s aii’ chiefly saiidslones and shales of fluvial origin rciirc- 
sentmg coastal plain or della deposils 
At the noitheasL end ol Ihe geosyindiiie (here was another ha.sin of 
thick deposiLuiii m New Biuiiswiek luid Nova Seolm In this, the 
Acadian aiea, (lie oldei sli’ala are also iiomnaiine The lowei part, 
ranging fioiii 2800 (o I! 100 leel in llmkiiess, consists of eoarse and 
poorly soiled detiilal miifermis such us aikose, eoiiglomeiate, muddy 
sandstones, and mieaeeous shales T'hesc constitute the Horton epoup 
In ago they cm respond appi oMinately with the Pneono group farthci 
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Appalachian Trough, Virginia 



Fig 148 Coliimnai sections of the Mississippian system Left, a gcneiahzed section 
in tliG type area of the system in Ste Genevieve County, Missouu, light, a goncialized 
section of the Appalachian tiough m Viigima Aftei Wellei and Butts, lespeotively 
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south. In ceitiun hiyui.s ulnintlanL Ios-mIikciI fetiimps of small trees 
stand eicrt where they RU'w 

The upl'ei Rinup iii tins is known as the Windsoi It is 

partly maiiiie and mclu<les led eoiiKloineiates, led and {^uiy shales 
with thin beds of iicldy lossilileruiis dolonnte, and, locally, thick 
deposits of gypsum dlu' total (lindviioss is not h'ss than 2000 loot 
The Winrlsoi setiiienci' cxteiidH luiftlieastwaid into Newioundland 
In age, a.s well as in eoiiditioiis ol deposition, it agiees wnih the 
Mauch Chunk 

Mississippi Valley. In the Central IiiLeiioi the Mississippian 
strata are piedoniinanlly limestone and hayc a nninial thickness of 
2000 to 2500 feet The seetum lieie is lopiesenled in Fig 14S 

The Kindeihook nckcs, foiined in the invading seas, vanes gicatly 
fiom place to idacc hceause of tlie local influence ol leiiigcnous sedi¬ 
ments fiom the sulniierging lands It inehideH sandstones, shales, and 
limestones which bear luany local foinialion names A thm ba.snl 
incmbci of black, fissile shale (Cliattanoogu) is jiresent ovei a very 
laige southoiu aiea In eusteiu Tennessee, Kentucky, and Ohio, that 
IS, east of the Oinciunati aieh, tins black shale thickcnis to ovci 100 
feet and inleilingers with tlu‘ giay los^ilileions shales of the low'er 
parted Ihe Focoiio group (Itay .sluile oi .sandstone or linu'stonc 
succeeds the Cliatlanooga shale to coniplele the Kindeihook senes 
In noi'tlioaslerii Ohio lliis Iticies incdndes Ihe 7>V/c« ‘taruLlone, one of 
the stones most wudely u.sc'd lor eai\e(l limi 

The succeeding 0,sac/e aciics leflecls a cleuiing of the waters as the 
inundation readied its nuiMinnin It consists iiio.stly ol limestone and 
IS remarkable for the amount id eheiT, which commonly occurs in the 
form of nodules or lenst's in llie Innesloiio but loetdly icjilaccs tliick 
beds of the lattei ovci considerable tireas It beats the lead and zinc 
ores of the Joplin distiicfc ol j\[i.s.soini, Oklalioma, and Kansms, whore 
it IS vciy siliceous and is known its the Boone chert 

The Menunec senes consists ol jmicr and less cherty limestones 
which locally ]mss into oolites on a scale unctiualed at any othei 
hoiizon 111 America The Salem limestone of Indiana, known to the 
building Liades as Indmna Innesione, is the most extensively quanied 
building stone m the (hilled Stales Being soft and umfui'iii iii tex¬ 
ture, it tools easily and is llieielore iiiueli u.sed for eo[migs and exte- 
riur trim as well as loi inaible fiiiisli ni lavatoiies There are probably 
few cities cast of the Rodey Mountains that do not have some inililie 
buildings tiiimiied with lliis stone Most of it is sipiplied by the 
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enoimous qiiames about Bodfoid (Fig 149), which place Indiana 
lar m the lead among the states pioduenig finish building stone In 
the last two decades the annual output from these quaiiK's has langed 
between 1,000,000 and 1,500,000 tons 

The most widespread mcmbei of the Meranicc senes is the St. Louis 
limestone, a purer and more compact stone nhieh foiiiis the conspicu- 



Indiana Limestone Company 

Fig 149 Quaiiy of the Indiana liiracbtone Company in the Bodfoid oolite, iietU Bedfoid, 

Indiana 


ous bluffs of the Mississippi Rivei neai St Louis and stietches con¬ 
tinuously flora Iowa to Alabama as one of the gieatcst sheets of lime¬ 
stone in this country 

The Ste Genevieve limestone, next younger than the St Louis, is 
likewise pine but inclined to be oolitic It has suffered much undci- 
giound solution whcie it floors laige areas in the Ohio Valley Mam¬ 
moth Cave and thousands of otheis in the “Land of Ten Thousand 
Sink Holes” in Kentucky aie excavated in this foimation 

The Chester series is foimed of alternating sandstones, shales, and 
limestones that have a combined thickness of 1000 to ] 500 feet and 
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are grouped inLo more than a dozen formations in western Kentucky 
and Illinois The spread of nmch sand and mud over the Mississippi 
basin at this time reflects, o) couise, iiplitt in southern Appalachia 
and Llanoria 

In the Ouachita trough, paiticulaily, the latest Mississippian and 
eaily Pennsylvanian fnimations aic vciy thick and almost wholly 
detiital These sediments aic thickest and coarsest in their southern 
exposures, where they foim the Ouachita Mountains of Arkansas 
This makes it cloai that they woie derived fiom Llanoiia Unfoitu- 
iiaiely tlieic is still some uncertainty as to what portion of this vast 
wedge of detiital sediments belongs in the Mississippian system In 
the Ouachita Mountains of Arkansas more than 2 miles of noaily un- 
fossihfernus hods (Stanley shale overlain by Jaekfoik sandstone) he 
between the Devonian and a vciy early Pennsylvanian horizon These 
foimations arc made ot daik detiital sediments with no limestones and 
little evidence of marine clciiusition The sands m both aie irreguhuly 
bedded and much iippled Fragments of land plants are abundant but 
gencially macerated The sediments ivcrc obviously dcposiLcd over 
a low delta plain in fiont of a rising land mass In the basal part of 
the Stanley foimation tlicie aic three to five beds of tuff, langing in 
thickness from fi to S5 feet, indicating that the rising land bore 
active volcanoes 

The fossil evidence of the age of the Stanley and Jaekfoik forma¬ 
tions is inadequate The very few maime fossils found are badly 
pieseived and not very significant for exact dating The more abun¬ 
dant land jilants aio generally too much inaceiatcd to permit exact 
identification As the whole mass was latci thiust northward upon 
locks of a diflcrcnt piovmcc, it is now impossible to trace the Stanley 
and Jaekfoik into iossilifeioiis equivalents Present opinion favois a 
veiy eaily Pennsylvanian age foi these deposits If this is true, then 
the maiked uplift in Llanoria was delayed until the vciy close of the 
Mississippian period 

Cordilleran Region Tliioughout the Rooky Mountain legion the 
Mississipinan system is ropicsentcd by limestone, commonly massive 
and cliff-forming Although it boars local names m different areas, it 
murt originally have been a vast sheet of limestone strata stietching 
continuously hom Nevada to the Black Hills, ydlowstonc Paik, and 
the Canadian Rockies It is the cliff-foiiniiig Redwnll liniehtone of 
the Grand Canyon (Fig 150), and the Madison limestone of the 
northern Rockies It i caches a thickness of 1200 feet m the vicinity 
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of Yellowstone National Park and continues far noith into Canada 
This limestone is all of Eaily Mississippian ago (Kmdcihook-Osagel 
The uppci pait of the Mississippian system is loss well developed and 
less well known, but in paits of Utah, Nevada, and Idaho, and locally 
farther west, it is represented by thick masses of limestone In the 
Oquirih Range south of Great Salt Lake, tor oxamiilo, the Mississip- 
pian foimations, mostly calcareous, aie approximately 6000 feet thick, 
and of this neaily 4000 feet is believed to be of Chestenan age 
Local toi’inatien names are used throughout the West, and a satis¬ 
factory synthesis is not yet possible 


CARL 0 DUNBAR 

Ejg UD Nmth wall of the Giand Canyon opposite Suntise Point, thawing the Red- 
wall Imestom cliffs midway between the basal Cambrian (Tapeati) landitone 
and the Mul-Piimtan (Coionino-Kathah') foimattoni that im the canyon The 
cliff m the immediate f01 egiound is a spin of the south wall Pie-Cawbimn Gland 
Canyon system may he seen dipping to the rtg/it below the Cambnan 


Reawall.'/^ 


Tapeotsi^G 
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ClAMATK 

The maiinc lilo gives no btnkiiig cvirlcncc of the climate of Misris- 
sippian tune The cxti aoidmaiy uhiindancc and vancty ot the cunoids 
in some of the fornuitions, and the veiy extoiisive liiiicstoiies, Huggest 
teiiipeiatc or waim water It is a luattei of snipiise tlnit icel coials 
weic not common again as they were in tiic Muldlc Devonian, espe¬ 
cially since Mississiiipian coials of rc'cl-makmg ty])es lue known on 
the ai'cLic coast of Alaska llowevei, since coials were never again 
prominent in the Palcoisoic, it seeiiis pioiiable that then deeliuc ivas 
due to factois other than climate 

The huimdity over Ihc lands certainly diffcied fioni region to region, 
and it likewise changed gicatly in sonic regions duiing the peiiod Tor 
example, the iionmarino and hiackish-watei deposits ot the Pocono 
sandstone contain so much organic mutter that they are ceinmonly gi ay 
cn daik in coloi, and in iilaces in Pemisvlvama and West Yngnua 
include thin beds cd coal Tlii'se Icatuics clcaily iiidicute swamps on 
a ratliei humid delta plain In the same general icgicin, however, the 
overlying Munch Chunk redheds have been Llioroiiglily oxidized and 
with tlioir abundant mud ciacks and laiti mipnnts bear evidence ol 
extended diouglds, suggesting a elnnate ot niaiked seasonal rainlall 
Evidence ot considerable aiidity is seen ni Nova Reolia and New'- 
fouiidland, wliero the ‘Windsor icdbcds niehide extensive gypsum d(‘- 
posits and locally even salt, both of these being piecputates from 
the watei of paitially land-locked lagoons In Michigan also there 
are red shales iich ui bnnes wdnch aic the piincipal soinee of the 
salt manufactuicd in the Saginaw Valley 

In eastern Australia tficre is evidence of glacial conditions, as showm 
by the Kuttung series of volcanics and nonmarine, dctiital sediments 
that arc associated with vaive clays and followed by tilliLes (Sca- 
ham) ^ The Australian geologists believe that this glaciation took 
place at some tunc during the Late Caibomfcious (Pennsylvanian! 
period, but, since the Kuttung beds include fossil plants (Tlhacoptcris 
floia) that chaiactenzc the Low'cr Caibomfcious in other continents, 
Schuchcri thinks it iiioic probable that the glaciation took place tow'aid 
the close of the Lowci Carbonifoious “ 

Life op Misbi&sippian Time 

Marine Invertebrates Marine animals aie still much better known 
than the land life of this peiiod, foi the continental sediments accu- 



Plato 9 Mifesissippian Biyozoa (1—3, 12), Blastoicl*, (4, S), Cimoids (6-10), 
and Ammonite (11) 

Figs 1, 2, Polypoia ccslnenais and X6), 3, Ftnestella cinfjulala (XO), 12, Archx- 

mecies waithcm, the sciew-Iike axis ol a colony, 4, PeiUremites pynjormis; 5, Crupiohlaatus 
pisum, 6, Plalymnites fiemispfiericiis, 7, Cyalhoennus multi,brachialua, S, Aoassizocrinus 
dactyh/oimti, 9, Forheswcrimis wortheni, 10, Baiocnnus pyriformia, 11, Imitoccraa rota/ 
tonus All natural size except Figs 1-3 Drawn by E. G Cioadick 
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mulaled umlei pooi-ly Miitcd k) llir pic'soivutioii of fossils, 

ivhercfls the slmllow, limy sou lioois liiuliou'd lite of tlie groatcfet 
luxui'iiuice 

Although ek'iiily ovolvcd from Dcvoiiiaii life, ilte Afississipijian 
faunas weie given a dihlinetive clmriictei liy ilie decline ol sucli groups 
as the (lorals mul Uilolntes and Ihe great expansion of otlieis like 
the ecliiiiodeiins, the laey liiyonoa, and the spiny Inaelaopods 




Fig 161. Tlio inolGn 0 ( lin>j>jfl, l\iM of a .slzilz ol liifiCHloiuMicvii Kt Loins, 

with aovoral siiocniunis ptiillv enihcfhloil in t!io nuitiix Tiiose o( hiaonls iiiu uhont the 
siije of u small caritalouiio, wliu h they losoinbk* in shapo 

Echinorlernis floiinslied as nevei hcfoio CunonU (PI 9, ligs B-10) 
giew in such luxunancc that then disinoinbered jilales contributed 
laigcly to the making of thiek eiinuidal Inneslunes, some of \iliich have 
a laige areal extent No other geologic system has yielded such a 
variety oi such numbcis of well-presetved specimens of tins class 
BlaRioidu (PI 9, figs 4, 5) were also at a elimiix, the typical Imd- 
shaped species (genus Pen/ieniile,',) being particularly cliaraeteiistK, 
ot this time Staifishes iipiiear lo havi' been laie, but sea-urcliins of 
a fewr kinds were locally ainindant 'The must stiiking of these weie 
laige melon-shaped eehinoids (Mi’louf’chinu.s, kig Ifil) found chiefly 
in the St Loins hmesloiie 

The Foravunifera for the first time assumed an important lolc as 
lock makers A single type, Endotliipa, occurs so abundantly in the 
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Salem (Bedford) oolite that the foimation locally takes on the cliar- 
actei ot a foiaminitcral limestone This genus is coinpaiable to the 
niodeni Globigeiina in size, but it probably did not float, as that genus 
docs, and probably did not form foiaminifeial ooze on the deep sea 
floor 

Corals peisisted throughout the period but generally weie neither 
vaiied, leef-making, nor especially common The most conspicuous 



Fia 152 Produotid biacliiopods These are Peimmii species etched fiee of the stone 
Siniilai foinis weic common m the Mississippiaii sca& 


type in the mteriur seaways was a compound tctracoial [Lithosti o- 
honella) that, during the St Louis epoch, formed “heads” as much as 
2 feet across On t1ie other hand, we must note the complete absence 
of the huneycinnb coral {Favosifes), which was so conspicuous in the 
Devonian reefs 

Bryozoa were again very numeroiis, and the lacy types (fencstclhds) 
now leached their gieatcst vaiioty Among thche the genus Archi¬ 
medes, with its thickened and spirally twisted axis, is most distinctive 
(PI 9, fig 12) 

Biaduopods continued to be the dominant kind of “shellfish,” and 
many of them weie much like the Devonian foims, diffcimg only in 
specific details, but the climactic expansion of the spiny-shellecl forms 
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of the tribe of Pwcbiclus iFi}^ 152) !;aM' ii (hrierent aspeet to the 
fauna as a whole l^o eoiiimoii neit' tlic'-e species iii tins and ih<' two 
fullowmR peiiods dial (lie nmudiilions ol (he Late Paleozoie have 
been called the Zh'or/i/ed/.s .seo.s 
Mollmrs eonlinued in eoiisnletahle \niielv, 


and 111 llu' 
elaius and [;ns(ici]iods 


sainly sedi- 
ni'e liieidlv 


inents of (he Poeono j>!<mp small 
moie common (han any otlu'r fos¬ 
sils, The Jsalein oohle itndndes a 
large nninhei of liny siiiuls Pei- 
Imps the, most significaiil niollns- 
caii advance is ainoug (he qoitKi- 
tites (PI 9, hft 11), ihe.se piiim- 
tivc ammonites were miieh more 
common in Em ope, how even, than 
in Ameuca 

Tnlohitcs had aheady deelmed 
almost to oxiinclnni, and die re¬ 
maining ,species were small and 
lather rare No (,iaee of iiisoets 
has yet been found, (lunigii (he 
high dcvcloinnent ol dial gunip 
in the next system suggests 
strongly that they were aeiuallv 
picscnt w Mi.s.sissii)pnin lime 

Vertebrates, /'’/.s/ies were lo¬ 
cally abundant, tluaigh less varied 
appaiGiitly than they had been m 
the Devonian The best-knowni 
group IS the shell-ciiisliing sliaiks, 
whose blunt, “pavement” teeth 
and fin spines alone are ]n’cseivcd 
tFig 153) This appaiently was their heyday, foi iienily 300 species 
are knowm from the jVfississipinaii rocks Imt only 39 from the pieccdmg 
and 55 fioiu the following system Bincc iheir niodein descendant, the 
Imng Poit .Jackson .sluuk, feeds iiiion crustacean,s and ceitain shell¬ 
fish, it is not nnjnohalde that the n.sc of the shell-cuisliing sliaiks in 
the Devonian and their success in the Mississippian contribuLed to the 
decline ol the ti ilobites 

Land ammalti lelt an iiulispiitahle lecoid in the form ol nunicious 
footpimts, and in 1941 actual skeletal leniains weie found in the 
Maiioh Chunk bods in West Viigiiiia ^ In Euiopo, also, the skeleLon.s 



Yalf Pcabodj/ Muorwn 

I'jd Model II s 1 k‘ 11 -i j 

Above, the living liull-heud hhaik, C/t/fo- 
pft u) 0 (/uH /)Hn( in( i, fioio the Oulf of (. iili- 
foinui, lielow, skull of Lho (losel\ sinuhu 
Poll ks<m sluuk of ^UHlialiii, sIiowhik 
the )iiw's jiuved with hhiut teeth which 
hei ve b) (uish the shells of niolhis(*s Tho'-e 
hsh liUigo fioui two to tiuoo feet in longtii 
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of small, salamandei’-like amphibia have been found The footprints 
aic most common in the ledbeds of the Maiicli Chunk, where they aie 
associated with mud ciaoks and lain imprints Doubtless many of 
these lecoid the tia^ic search for water as the vanishing mudholes 
gave way to banen flats dining the summer dioughts Yet among 
them there may be the hallmaiks of destiny, for some of these restless 
creatuTcs, driven by their extiemity, weic to develop agility and free¬ 
dom from the water that would enable them in the coming ages 
liteially to inherit the Earth 

Land Plants Land plants were, of course, as abundant as in the 
Late Devonian, but their remains are lamentably bioken and niacei- 
ated 111 the deposits available to us So fai as is known, they weie 
much like those of the Pennsylvanian, which will be desciibed in 
Chapter 12 
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THE PENNSYLVANIAN PEHIOD 

II IS fiUing tluiL this ftu'iil coiil-hfLii luf!, shoulrl be named 

foi the chid C()ul-pi()(liu'iijg .stuLo in Aur'I'icu and the one wlieie it 
was hrst coiupi'chcnsn cly studied Here also the coal Iloias aic found 
in gicatest variety, though the best nianne seiiuenee occurs in mid- 
westein states from Ncbiaska and Kansas to Texas, 

Physical Hlstouv oe Noiti’ii AiMerica 

Coni Hwamp't of the Eai^tein Inieiioi 

At the beginning of this jiciiod the cenUnl interior of the United 
Slates was a vast lowland liemiued m on the south and oasi by the 
mountainous boidciland of Llanoi'ia and Ajiiialachia (Fig 154) The 
Canadian Shield nas aiipaiciitly a plain of low idief strelcdung away 
to ihc north, while boi del land,s ol undeleinnned extent and lelief 
formed the western margin of the continent 
Early Pennsylvanian lounatioi],s aie leslneli'd almost (mlnely to 
the gcosynclinul aicus, as indieated in Fig 151,4 The sea enteied 
the Coidilleian trough from the .soutliwesL, and llieie llie deiiosits 
arc maiinc and mostly limestone Anothei seaway reached the Oua¬ 
chita trough via Mexico and Texas and puslied oaslwaid along Ihe 
noith side of Llanona Suhsidcncc was rapid here all the way lioiii 
Texas to AVest Ahrgmia, but the inaiginal highlands supplied mud 
and sand in such quantities that the tiough was filled to scalcvel 
most of the time as fai w'csl as Oklahoma Over the subsiding low¬ 
land thus maintained, great swanijis developed in which vegetation 
accumulated to be transloinied latei into the phcnoincnally rich coal 
deposits of Alabama and West Viiginia 
Before the middle of the peiiod suhineigence spread noithward oyer 
most of tlie ccntial and westein state,s (Fig 15470, and the sea roacberl 
tempurariiy to the footlulls of Appalaelua, covering, at a maximum, 
apinoxiinately 30 per cent of Norlh America. Even then, however, 
the heavily loaded sLicains horn the cast were struggling to ciowcl 
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back the sea and to build out broad alluvial plains Slight subsid¬ 
ence repeatedly bioughl tlio shmoliiic far to the east, only to le- 
tieat again as the shallow sea was filled and tianslorined into swampy 
lowland The raaiginal lands weic icpcatedly uiilifted, wliilc the 
bioacl inLciioi basin slowly sank until its pre-Pennsylvanian floor lay 
fiom two thousand to several thousands of feet below the suifaoe 
Meanwhile filling kept close jinee with sulisnh'nec all the way fiom 
Pennsylvania to Kansas and Nebiaska 

In the vast swamps thus lepeatedly formed, vegetation accumu¬ 
lated to form coal In pait the swamps weie miuginal to the sea, 
but in pait they were fonned by iriegular waiping fai fiom shore 
Within this fai-flung lowland, sulisidenec was most lapid along the 
Appalachian and Ouachita geosynehiies and in the Illinois basin, and 
in these areas the Pciinhylvaman system is scvcial thousands of feet 
thick A small basin in Rliode Island may liavo been completely 
isolated from the icst as an inlermoiit trough At the noiili end 
of the old Aiipahichuin tiougli lay (lie Acadian basin, m wdiicli thick 
nonmanne deposits wcio fonned (hat conlain llic imiioilanL coals of 
Nova Scotia, Cape Breton, and Now Biunswiek This basin ex¬ 
tended also into Newfoundland and piobubly diamod noilhea.siwatd 
into the Aihint-ic 


]’ai>e(i CovdiLion^s m iJic IPc.sf 

The using mountains in Oklahoma and Colorado (sec belowO in- 
tiocluccd vanecl ooiiditions in the western states At times of great¬ 
est subincigcnce they stood as islands in the sea, and even when 
the sea was fai aw'ay they weie flanked liy stiuetural basins in which 
noninarino .sediments accumulated over 1X1(10 alluvial jilains A ina- 
iinc embayincnt persisted througluait much of the jieiiod over parts 
of Utah and Nevada 


Ciustal Urnest 

Uplift and mountain making iieie not confined to the beginning and 
the end of this period, it was, throughout, a tunc of much crustal 
warping and of repeated local chstui bancos, with folding m the inai- 
ginal lands and in the AIid-ConLinent as well TIils we know from 
the character of the scdimcntb If Appalachia had lemamod stable, 
the basal conglomeiatcs ol Llie Aiipalachian basin should have given 
way to finer and finci sediments as the lelief of the highlancla was 
brought low Such, however, is not the case, for sandstones alternate 
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With shales and locally give way to conglomci atcs in the upiiei as well 
as the lower pait of the system Limestones aic rare, thin, and usu¬ 
ally impure east of the Mississippi River. Without lepcatcd rejuve¬ 
nation, the boi clerlands could hardly have supplied the enormous thick¬ 
ness of the formations, which neaily eveiywhcie exceeds 3000 feet, 
amounting to 9000 feet in Alabama, more tlian 20,000 feet in Aikan- 
sas, 15,000 feet in Oklahoma, and 13,000 feet in Nova Scotia 

The Acadian Highlands In the MaiiLimc Provinces of Canada 
there are five unconformities m the Pennsylvanian succession, each 
cniiespondmg to local upliit Here the dcposiiional basins wcie mter- 
mont tioiighs pioduced by block faulting In some places thi.s move¬ 
ment involved only broad legional waiping, but in otbeis even the 
sediments in the basin weie locally folded Parthcr south no particu¬ 
lar episodes of deformation have been determined, but in Alabama 
it is evident that Appalachia stood almost as high tbiougboiit the 
Pennsylvanian as it did at the beginning of the pcnocl 

Uplift in Llanoria; The Oklahoma Mountains Duiing the clos¬ 
ing stages of the Mississippian period or, more likely, at the very 
beginning of the Pennsylvanian (depending on the age of the Rtanlcy- 
Jackfoi'k deposits of Aikansas and Oklahoma), Uioie v'as maiked up¬ 
lift in Llanoiia, whence rapid erosion hi ought a vast amount of detii- 
tal material into the Ouachita geosynebne As if to compensate for 
this uplift, the geosynclme subsided steadily and so formed a trap 
to catch the sediments which accumulated to a thickness of more than 
15,000 feet (23,000 feet in Aikansas) during the period 
Duiing the initial phases of this movement tlie deformation and 
uplift were wholly in the land mass south of the geosynebne, wheic 
compressive forces were excited fiom the region which is now the Gulf 
of Mexico But at a later stage, still caily in the Pennsylvanian peiiod 
(Atoka time), the floor buckled along the noithern margin of the 
geosynebne to form a senes of ranges of domed mountains along the 
southern boidei of Oklahoma and across the Panhandle of Texas 
These have been named the Oklahoma Mountains They include the 
Arbuckle and Wichita mountains of Oklahoma and the bmiccl Ama- 
iillo Mountains of Texas (Pig 155) They arose out of the Penn¬ 
sylvanian sea as lathei simple aiches accompanied by numerous noi- 
mal faults Suffeiing active eiosion as they rose, they wcie flanked 
by then own debus, while the downwaipcd areas about them trapped 
the sediment that continued to pour into the geosynebne fiom the 
hinterland, Llanoria Their topographic lelations were thus some- 
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what like those of the iiumiitiuiioiis Sliiiutiiiig peninsula, winch now 
rises out of the suiface of the t^ieat delta m China 

These rans^es piohaiily did not iittiun u ftieat heisht aliove the sea, 
but they were lepcatedly nphlted as they ueic eioded, and the flooi 
imincdiately iidjiieenl eotiLiniied to sink, until rennsylvanian tomia- 
tioiis acciinuihited ivhieh atill 


aic inoio than 12,000 feet thick 
in the Ai'diiioi e hasni just south 
of the Aiinickles and also iii the 
Ariadaiko basin to the north 
If these stiata ivere now 
shipped away, tlic Aibiickh's 
would towel above then liase 
as a range ol mountaiu& more 
than 2 miles high h’hcy never 
stood so higli aiiove tlie sui- 
I’ounding sui face, however, be¬ 
cause the adjacent aiea was 
subsiding while they rose and 
they were hugely bulled in 
their own debus The Insiory 
of the Wichita and tlie Ania- 
iillo mountains is essentially 
similar They arc approxi- 



inatcly paiallcl to the At- 
bucklcs and arc lehiteil in tune 
and in stiuctuio It now ap¬ 
peals that thcic wove at least 


I'll. I.W Hlvctdi limp hIiowiiik tlit Imii- 
tioii of lute PuleozoK* InouiiUiiiis in ihci Mitl- 
(’ontiiwnl lemoii Data in [i.ut fioiii Ver 
Wicbe, limii I’oweis, and (uiiii P P XCmfr 


two major pulses in their uplift, one eaily in the Fennsylvanian and 
another near the middle ot the ])enud ’ 

The Colorado Mountains. Tluoughoui Pennsylvanian and Per¬ 
mian times, as well as in the eaily Mesozoic, a gump of uplifted areas 
in Coloiado and iicai-by states jiiofoundly influenced the foima- 
tions clepobilod in the Rocky Moiintum legioii The Pennsylvanian 
foimations aic tiiiclc and ahiiost euLiiely detiilal iicai these old ranges, 
becoming finei griimed and niuic calcareous m all direoiions fioin tlie 
uplifted areas It aiipeais evideiiL that these range's were of nioun- 
tainous height or weie repeatedly n|)hlted in order to supply the gicat 
bulk of dctiital scdiincntH that flank tliem At least four orogeme 
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units are recognized and individually named (Fig 155). The entire 
group has been designated the Colorado Moiintams * 

Marathon Disturbance and the Close of the Period. Near the 
close of the peiiod a range of fold mountains was thrust up out of the 
sea in western Texas, accompanied by northwaid thiusting that cai- 


N W LlanorFa S E 



B Overihrusting at the end of the Pennsylvanian 



Ougout CfeeX ^overthrust 


C Permian overlap after peneplanation of the Marathon orea 

U S Geological Survey 

Fiq 156 Three stages m the history of the Marathon orogeiiv The section runs 
from northwest to southeast across the Maiathoii folds and ineludes a pait of Llanona, 
the Paleozoic land mass that has since been reduced by erosion and buried undo: the Cre¬ 
taceous deposits of the Gulf Coastal Plain Adapted from Philip B King 

ried Devonian and Oidovician foimations up ovei the Pennsylvanian 
These structures are now clearly exposed in the Marathon basin of 

■r The name Anceiiial Rockiei was mtiodueed foi these mountains by Willis 
T Lee m 1918 and has since gained considerable usage It unfortunately cames 
a connotation of genetic lelation to the pic-sent Roikies that is not justified 
These Paleozoic stiuctuies diffeied m tlien bend fiom the modem ones and weie 
latoi submoigod and deeply bulled dimng the liittei half of Meso/oie time The 
foioes that built the Rockies weie piobably nnielatod in genesis and leihvinlv 
sepalated by u liiiiidied iiiilhon yeais oi moie m lime fioiii those icsponsihlo foi 
the Paleozoic mountams Oui expeuence has shown lhat the use of Lop's name 
invaiiablv leads to confusion of the tine lelations, and in 1933 we thoiofoie pio- 
posed the geogiaphical name Colorado Mountains, since the uplifts weie laigelv 
(though not cntiiely) confined lo that slate 
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Trans-Pccfis Texas, and tlic (lisUnltiiiicc liiiH been naniocl foi this 
legion (Fig 

The Mauitluin aiea vas uiHiiii Uio Ointfliila gonsyndiiic diuing 
Pennsylvanian time, and Iho very tliick teeord nf tins pcnior] shows 
that raaikeel nphit oecttiu'd rt'pc'atedly m Tdiinona a shoit distance 
to the south For example, IIk'h' aie mniK'inus beds of conp,lomeia1e 
in the Marathon basin, some of them of exci'ptmnal coniseness, con¬ 
taining rocks ihat could only have eoiiie liom llie near-by .south It 
was not till the elose ol the period, however, that the eominession 
reached nortliwaid wutli .such I'oicc as to ciuiniilc and clo.sc-fold the 
rocks of the gcosynclme As a result ol this distuihance, the Penu- 
syhanian and oldei ionnatiuns weie folded, liuilled, and uplifted, and 
latei w’cie tumcatccl liy eiosion so Unit heie tlic' Ibnuiian strata ovoilic 
them with profound uiiconloiiiiity The disUirhiuiee was Ic.ss intense 
to the north and west ot this aica, Imt an uiiguhu uiicoiilmnniy is 
common between tlie Peniisylvaiiian and Peimiaii as liu west as El 
Paso Most of the (hsluthed area m Tex.is is now' covened hy Cieta- 


ccoua locks 


('lose of the Pciiod 


Near the close of the Pennsylvuniiui tlieie W'as a marked rcticaL 
of the interior sea low’ard the west, and tlie continent was hugely if not 
completely cuieigent for a tune M'ostein Tc'xas and southern New 
Mexico wcie thou in the thioes ol the Marutlion orogeny, but over 
much of the Central tntciior the late I’eunsylvanian emergence was 
due to continental uplitt which resulted merely in nondeiio.sitiou wntli 
no marked dcfornmtiou in the rennsylvaman doiiosits As a result, 
great difficulty has been exjieneneerl in diaw'ing an exact lioundaiy 
line between the Pennsylvanian and the Fcnuuin systems in parts of 
the United Slates 

In various parts of the w'orld, however, tlieic w'as extensive orogeny 
at this time (Fig 147) Tlic Arinorican laiiges ol Euiopo, miLiatcd at 
the end of the Mississippi an, cxpeiienced marked icjuvcnation during 
and at the close of the Pennsylvaiiifin In fact, the eulmination of 
Late Paleozoic mountain making oecuvreil at this time and duiing the 
Eaily Penman The effects of this oiogcny nic to be seen in the 
stumps of the ancient mountains m southern Wak's and England, in 
the ccntuil plateau of France, in the llaiz and Black Forest regions 
of Gcimany, and in Bolienna, hkcwvisc m tlie H|)amsh Meseta, Coi- 
sica, and Saidmia In the Ilinuilaya region, this w'as a Lime of gicat 
mountain making, “a gieai levolution iii the iihysical geography of 
India,” wdiich dunng Pennsylvanian time blotted out the inland 
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(Tethyan) sea In tlie Uials also, 
as in eastern Australia and the 
Andean region, thcie was disturb¬ 
ance at this time In most parts of 
the world, however, the areas of 
Late Pennsylvanian orogeny suf¬ 
fered even greater disturbance dur¬ 
ing oi at the close of the Penman 

STRATIORA.PHY OI.' THE 
Pennsylvani vn System - 

Appalachian Coal Fields. In 
the Appalachian basin, sand.stones 
and shales make up ncaily the en¬ 
tire tlnckno.ss of the Pennsylvanian 
foiinations, though conglomeiatcs 
occur at various levels, especially 
ncai the eastern mai gin (Fig 157) 
The sandstones and oonglomer- 
ates are commonly lenticulai and 
cioss-bcddod, Icnsmg in and out 
among the shales so that it is 
usually difficult to follow a dclimtc 
horizon foi many miles The color 
IS generally gray or daik because 
of the carbon of included oiganic 
matter, though m some places i eel- 
beds alternate with the gray The 
dark sediments include abundant 
lemains of land plants Coal beds 
occur at many hoiizons, some of 
them thick enough to mine, others 
not It IS evident that those sedi¬ 
ments were deposited liy sticams 
on a swampy lowland At occa¬ 
sional intervals, howovei, theie aic 


FiCr 157 Section of the Pennsylvanian 
system m eastern Ohio (Muskingum 
County), showing lepeated alternations of 
coal, sandstone, slmlc, and thin limestone 
Vertical scale 1 inch = 150 feet 




Fil ISS Fusul nee tinuks statidmf, as they gtew Specimen at the left, fioin The 
Joggm r, Fhoea Scotia, that at the ngk, sbomng S feet oj tumk, j\mi Table Head, 
Gieat Bfat d'Oi, Cape Bteton 


iliin hods of impure liincstoiio nr nf calcaieous shale, bt'aiing niarmc 
fossils, winch rcpiescnl Icmporaiy inuiiflatinns of the lowlands liy the 
sea The marine limostonos, though Ihm, are persistent over laige 
aicas m contrast with the vancrl fluvial deposits They form nnpoi- 
tant key hoiizcns for couolatum and the determination of stiuoturc 
In gencial, they aic mast imincums, most rcgulai in sequence, and of 
widest spread in the western pail of the hasin, for they tend tn wedge 
out and disappear tnwai d the east 

In the coal basin nf Nova Scotia and New Biunswick, where the 
Coal Measuies icach a thickness of a few thousand to 13,000 feet, 
marine lioiizons are wholly absent The section exposed in the sea 
cliffs at The Joggins ncai the head of the Bay of Fundy is of special 
iiitoicst because of the stuinjis and tiunks of trees buiicd m the posi¬ 
tion of then giow'lh (Fig 158), Here erect tiunks arc recoided at 
20 lioiizoiis diatiibiitcd at intcivals through about 2S00 feet of bods 
Many of the picscivacl tiunks aic several feet high, some exceeding 
20 feet They show clcaily how lapid the deposition of individual 
beds must have been, since they weic in each case buried before the 
stumps had time to decay It is evident, however, that deposition 
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of sediment at any locality was inteimittent, since these trees, some 
of them as much as 4 feet m diametci, must have grown unhindered 
befoio their burial Deposition appears to have been by sluggish, 
meandering streams that fiequcntly deserted their sediment-choked 
channels to burst out in new courses ovei timbcicd lowlands (Com¬ 
pare Fig 27, p 46 ) 

Illinois Coal Fields. The Illinois field is closely allied to that of 
the Appalachian ba&in The two wcie oiiginally continuous in the 
southern pait and shared in common deposition, but have since been 
isolated by later uplift and erosion along the Cincinnati aicli In 
geneial, the sediments are finer of giain in Illinois, and maimc shales 
assume much gieater impoitance than m the East Theie aic a num¬ 
ber of widespread coal beds, however, some of which appear to have 
extended ovei most of the state and eastward into Indiana A lime¬ 
stone “cap rock” occuis a shoit distance above nearly every one of the 
coals, these vary in thickness fioin several inches to a few feet and 
are as widely persistent as the coal beds, the repeated oecuiicncc of 
these marine hoiizons above the coals emphasizing the cyclic nature 
of the deposition in this icgion Each coal is the icsidue of vegeta¬ 
tion that glow here while the region stood as a swampy lowland 
The cap rock of limestone shows that the sea followed, inundating 
the swamp Marine shales follow the limestunc, giading up into 
nonmaiino shales and sandstone that veie toimed as the sea w'as filled 
up and driven back Local unconformities occur at the horizon of the 
transition, marking places wheie the extended streams cut channels in 
the shale and filled them with sand 

Mid-Continent Region The coal fields of Missouri and Kansas, 
like those of adjacent parts of Ncbiaska and Iowa, present a section of 
2000 to 3000 feet of beds in which limestones and shales alieinate 
repeatedly, while sandstones and siltstones occur at greater intervals 
(Fig 159) Here the limestones comprise about 25 pci cent of the 
section and sandstones generally less than 10 per cent Many of the 
shales and siltstones bear no fossils except fragments of land plants, 
and were probably deposited on low delta plains The limestones, 
on the contrary, like ceiiain of the shales, have abundant inaiinc fos¬ 
sils In this region many of the thin units persist with liLtlc change 
over gieat distances, bearing witness to umfoim conditions of depo¬ 
sition over great areas Repeated alternations of inaiine and non- 
marine beds indicate that deposition was approximately at scalevel 
and suggest that Ihe maiinc 'waters were exticmely shallow 
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Traced southwaid mto Oklahoma and Aikansas, the ontiic system 
changes graduady but piofoundly as no ciitci the Ouachita gco&yn- 
cline and appioaeh Llanona. There llio hoetuin thickens to 12,000 
or even 23,000 loot, sandhtoncs and sillsloncs assiiine gicat promi¬ 
nence, while the liiiie&toiK',s tlim and in many eases giadc laterally 
mto .sandstone oi shale Tn 
short, the Ihickne.ss of the Cloal 
Moa.siircs in the Ouachita geo- 
syiiclme is fully live tiuios Llial 
of the noithorn Mid-C'outineiit 
fields This has resulted in jiait 
fiom the more rapid clcpo&ilioii 
in the gensynclinc where subsi¬ 
dence allowed the sedunenL to 
come Lo icst, in paiL [tom the 
ncainoss to Ifianoiia, uliicli was 
supplying much of this mateiial, 
and in part fiom the fact that 
deposition began fust in the 
geosynchne and guidiuilly uvei- 
lappcd 1101 th waul 
In central and wo.stein Texas 
the Peninsylvamaii fonnatioiis 
aie .scveial tliousands of fcoL 
thick, and lieic also the influence 
of Llanona may be seen 
Deep dnlling bus shown that 
Pennsylvanian foiinatums ex¬ 
tend west of their outcioj) uiidct 
nearly all the Clicat Plains 
They arc exposed m the Black 

Hills and in the hogbacks flanking the front of the Rockies, as well as 
about many of the langes faithei west 
Cordilleran Region Tluougliout llie Cordilleuin icgion thciu is so 
much local vaiiation tliat hiiel desciiptum is impossible Along the 
front of the Rockies, in Wyoming and tlolorado, where (hose forma¬ 
tions oveilai) on Fre-Caiulniaii grande, tlie lowei jiart (Fouidam 
formation! is arkosic and red The upper jiui't also (T^yoiis lotma- 
tion) is largely red and gencially saiid.stoiie and shale In the 
vicinity of Coloiado .‘^[inng.s these rocks aic much oro.s.s-hedded, un- 
fossilifcious, and wholly nuninaiinc hid, foward flic norlhcast they 



Catl 0 Diitihar 

Fio 15*} Ou'iid foi iiiiitioii, couMsIiiiK Df 
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giade in part into calcaicous and marine deposits (Ingleside of Wyom¬ 
ing and Minnelusa of the Black Hills) Farther west in Colorado, 
also, theie are fossihferous marine sections In noithcastein Utah 
is the Oquirrh formation, with the astonishing thickness of more than 
15,000 feet of lenticular quaibziLes and limestones, and but little shale 
The lower several thousand feet of this deposit is of Pennsylvanian 
age, but the upper part is Permian In extreme western Colorado 
and east-central Utah the Paiadox formation, supposedly of Penn¬ 
sylvanian age, includes a gieat thickness of salt, which apparently 
interfingers lateially with dolomite Plere is striking evidence of 
local aiidity that stands m marked contrast with the coal swamps of 
the East It may lepicscnt a local condition in the ram shadow of 
the western range of the Colorado Mountains 
The great amounts of detiital sediment and the local variations in 
the Pennsylvanian rocks of the CordiUcran legion stand in sLiikmg 

contrast with the far-flung lime¬ 
stones of the underlying system and 
beai witness to the disturbances 
that began in this icgion about the 
close of Mississippmn time 

Economic Resoitrcer 

Coal It is no accident that in 
many paits of the world the Penn¬ 
sylvanian locks are known as the 
“Coal Measuics ” Although coal 
has formed locally during every 
peiiod since the spread of terres- 
tiial vegetation in the Devonian, 
no other system contains so much 
high rank coal In these formations 
lie the gieat coal fields of the Biitish Isles, of France (Saar basml, of 
Geimany (Ruhr basin), and the smaller fields of Belgium and Silesia, 
and of the Donetz basin of Russia, likewise the chief coal fields of 
North Ameiica. These fields, togethei, piocluce moie than 80 pei cent 
of the woild's coal Some of the younger systems (Juiassic and Cre¬ 
taceous) may hold even gieatcr reseivcs for the future, but the 
youngei coals are generally infeiior in quality and can not extensively 
compete with the Paleozoic coals in the woild markets 
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In Amenca the coal ficlrls oi Penu-^ylvaniaii age occupy an area 
estimated to exceed 250,000 stiuare miles, a ligure considerably greater 
than that of the coal fields of any olhei continent Idicy lie almost 
cntiiely in the easLcin half of the United States, the cliicf exception 
being tlio small Aeadiaii basin of (ho Rlaiitiiiie Piovmces of Canada 
(Fig 160) 
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Of the five \\cll-defincd fields slnmn in tlic figiiic, the Anihracite 
Md of eastern Pennsylvania is m some lespcets the most interesting 
Although less than 500 sciuaic miles in aiea, it has produced to date 
almost one-fourth of the total outymt of coal in Noith America Its 
pioduction leaehed a peak of 93,000.000 tons m 1923 and has aver¬ 
aged over 85,000,000 yoaily for tlic last quarter-century Unfortu¬ 
nate y moic than half of the coal has already been mined, and the 

supply of anthracite bids fan to bo exhausted diumg the life of the 
picscnt generation 

The anthracite field is m reality hut an eastern part of the vast 
Appalachian basin that was caught in the Penman folding, and im- 
ated from the rest liy hitei erosion that dcstioyod all the Coal 
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Measures m eastern Pennsylvania except those paits picserved in deep 
synclinal folds (Fig 161) This folding and the resulting piessuie 
converted the bituminous coal into the hard antluacite by eliminating 
the volatile matter. The thickness of some of the anthracite beds is 
noteworthy The most lemarkable bed is the Mamraoth, which ex¬ 
tends throughout the field, with an avciage thickness ot 35 to 40 
feet and m one place a thickness of 114 feet duo to overfolding (Fig 
162) 



The Appalachian field is the second largest, and much the gi eatest 
producer of the several coal regions It underlies the Allegheny 
Plateau and extends from noithcrn Pennsylvania to Alabama Penn¬ 
sylvania and West Virginia are the heaviest produceis, but Ohio, Ken¬ 
tucky, and Alabama also yield much coal This field alone furnishes 
almost one-fourth of the world’s coal supply 
Thioughont most of this aiea the stiata lie quite flat, and the coal is 
bituminous, occuriing at many levels About 60 beds are recognized 
m Pennsylvania, but of these only 10 are widely mined, the rest being 
too thin to work profitably The most remarkable of these beds is 
the Pittsbuigh coal (Fig 163), which is more than 13 feet thick about 
Pittsburgh and is known to be woikable over an aica of 6000 square 
miles in western Pennsylvania, eastern Ohio, and northwestein West 
Virginia, where it is estimated to contain more than 22,000,000,000 
tons of coal Up to 1926 it had yielded approximately 3,500,000,000 
tons of coal, with a value at the mines more than twenty times that 
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of the gold produced by the gieatost gold mmo m the United States' 
The llhnoifi field is a sh^lllo^\ sluictural hasm extending into south¬ 
western Indiana and ivostcin Kentucky It meliides 10 oi more im¬ 
portant producing liorizons and laiiks second to the Apiailachuin Held, 
fai outstripping the much laigei Mid-Contiiient lugimi m pioduction 
The coal beds heie do not iiLlain so gieat a tliickuess as they do 
farther east, but some ot them, notably the llerim coal, peisist with 
rcmaikablc unilonnity ovei miieli of the slide of Illiiuiib 
The hlid-Conlinnil field onibiaees the eoal iields of Missoun, Iowa, 
Kansas, Oklahoma, and noithern Texas Although the aioa exceeds 
that ot the Appaliichuui held, the oulinit ol coal has been less than 
one-tenth as great Here tlie hecN ate eoiiiiiionly less than 4 leet 
thick, and the best pioilucing hoiizoiis aic m llie lower juiit ol the 
system There aie extensne aieas where llie suilace is Ihil and the 
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coal &o near the suiface that it is mined by shipping -with steam 
shovels 

The remaining fields are relatively small pioduceis, together supply¬ 
ing less than 1 per cent of the woild’s coal In the tiny Rhode Island 
basin extreme inetamoiphism has reduced the coal to graphite, or so 
nearly so that it has little fuel value 

Most of the Pennsylvanian coals of the United States include sul¬ 
phur as an impurity This is believed to indicate that the coal swamps 
bordered the inland seas and were biackish, since sulphui-depositing 
bacteria live in the sea but do not thrive in ficsli-water lakes and 
swamps Conveiscly, the slight amount of sulphur in the anthiacite 
of eastern Pennsylvania and in the coals of the Acadian basin indi¬ 
cates for these regions swamjis entiicly of fresh water 
Petroleum and Natural Gas Pennsylvanian locks have been an 
impoitant souicc of petroleum and natuial gas in the Mid-Cnntinent 
oil fields, and foi a number of years, fiom the discovery of these fields 
111 the lS90’s until about 1925, constituted their only important pro¬ 
ducing hoiizon During that time Kansas and Oklahoma pioduccd 
flora these beds ovoi 2,000,000,000 bauds of oil Subsequently, how¬ 
ever, production has been found at greater depths in the Oidovician 
“sands,” which have given the spectacular developments of recent 
years in those two states and in nortli-cential Texas 

Climate 

The teirestnal sediments with their plant remains speak eloquently 
of warm, moist climate dining the chief coal-producing stages of the 
Pennsylvanian in many parts of the ivorkl The vegetation of the 
coal beds clcaily grew in swamps, wheie it accumulated under standing 
water, as evidenced by the spreading root systems still preserved in 
the fire clays that underlie the coals in many places Moreover, the 
structural types of the foliage so well piescrved in Lhe roofing shales 
at many places indicate niaiked humidity Sw^arap waters are re¬ 
quired to piotect the fallen vegetation from the air and thus save it 
from decay The wide distribution and the lepcated occuiicnce of 
coals therefore assure us tliat there -was a persistently moist climate 
ovei vast legions of the Pennsylvanian landscape 
This does not piove, of course, that no parts of the Earth were and 
It IS well bo remember that at present the dripping jungles of the 
Amazon Valley arc separated only by the naiiow Andean chain from 
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the desert coast of western Pciu. Similai exti ernes probably existed 
on the continents during l^ennsylvaniim tunc, lor lotty mountains must 
have been accoiiRiamed, then as now, by a lecwaid ram shadow of 
deficient rainfall 'bbe sail, deposits of Ibo Paradox formation in east¬ 
ern Utah and western ('oloiado, like the led aiknse ot the Fountain 
formation of ceiitial Ooloiado, may indicate such local aiidity about 
the Colorado Mountains On tlic coutiary, the coal swamps of the 
eastern mterior weic foruu'd ubcic the warm, moist winds weie rising 
up the long wc'stern sloiie uL Aiipalaclua In geueial, it ajipcars that 
hiiinid clnuatic couditious wcio e\ce])li(mally widesinead during Penn- 
sylvaman time 

There is also much evidence Unit llie climate was warm, even iii high 
latitudes, during much of the penod. The mere presence of abundant 
vegetation is no cvidcuce, loi it is well known that the most extensive 
modern accumulation of peat is m subaielic legions where slow growth 
IS moie than conntcibalanced by slow decay, but tbe iharactPi of the 
Carboniferous vegdidion indicates a lack ot freezing winters, at least, 
in the lowlands wlieic the plants are jircserved The tiees, wlicilier 
tice feins, seed fcius, coidaites, or the great scale tiees, boro succulent 
foliage of almost uniu'ccedented luMiriance Not merely were the 
leaves laige, but tbeii tevUiic indicates rapid growth under warm, 
luiinid conditions Foi examiile, the veiy large size of the individual 
cells, the ai'iangement of tbe stomata (breatbing pores), the smooth¬ 
ness and thickness of the bark, the presence of ueiml roots, and the 
absence of growth rings m the woody Ininks aie all featuies of signifi¬ 
cance One of the foiemost palcobutamsis of our times concluded 
that “the climate of tbe piinei|)al eoal-fonmng mteivals ol tbe Penn¬ 
sylvanian was mild, piobably neaily tro))K'al oi subtroincal, generally 
liuiiud, and equable ” * 

The animal life of the time also seems to suppoit this view Insects, 
for examiilc, attained an extiaordinaiy bize and, so far as known, 
avciaged largci than in any other jiciiod of Eaitli history Since it is 
well known that the modem ordcis of insects have then large repre¬ 
sentatives in the tiopics, with smaller and sinallet species in legions 
of inoic iigorous climate, tbe sigiiifieanee ol the Pennsylvanian insects 
is obvious To this may be added the laet Unit at ceitam limes during 
the period coials were able to (biive m great abundance and to form 
reefs as lar noith as tlio aretie islands of Sjutzbeigcn (bit 78° N). 
The presence of tlic&c ancient reefs in the sea clifls of a land now ticc- 
less and ice-covcied speaks eloquently of the climatic eontiast between 
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the prebcnt and the Pennsyh anian age in tint, icgion (Fig 164) Tlie 
exceptional abundance of the large fusuhnet, in the lime&tones of the 
noithein hemisplicie, and even as far north as Spitzbcigcn, seems to 
have a significance like that of the insects 
Nevcitheless, vc must not assume that all paits ot the ivoild were 
warm Gieat changes have occuiicd in the tcmpciaiure of most of the 



0 Holledahl 


Fia 1C4 Coial leef in tho Eaily Pennsylvanian (Mospovian) deposits of western 
Spit/beigcn Both tetiacoials (Campophyllum) and tabulates {Chceteies) eontnbute to 
the deposit The picscnt aictic rUmate is indicated by the snowbank at tho left 


lands in the few tens of thousands of years since the Pleistocene ice 
age Dm mg a peiiod like the Pennsylvanian, ot millions of ycais’ 
duiation, theie may have been important fluctuations in the world 
climate 

The extensive continental glaciation of India, South Africa, South 
America, and Australia, which some geologists attiibute to Late Penn¬ 
sylvanian time, we regard as of Permian age It is discussed in Chap- 
tci 13 

Without a doubt the polar regions weic cooler than those of low 
latitudes, and it may well be that the mild climate of Spitzbergen was 
due to the local influence of a waim ocean cm rent which then streamed 
into the Aictic Nevertheless, the evidence for mild climate is so 
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wideapicacl tluil, wo oiui nut avoid (.lio hohol LluiL iii general Lho Penn¬ 
sylvanian wa.s an cxeejtlional iiciiod ni tlic climatic liisioiy of the 
Eaith 

LiFK of Tini PlONNMI.VANIAN I’lAlIOD 
Faicsis oj the Hwdiiip Lands 

Foiests of fa.st-giowing, soK-lissucd trees, tangled in dense under¬ 
growth, sjn'ead oiei tlie moist, lou lands ol I hi' Peiinsylvauian land¬ 
scape Among these weie none ol tlie deciduous forms like those of 
oui mciclcru forests, loi iliev had not vet evolved The giants of the 
time weie strange, s]>(ire-heai'mg tiees winch today are rejircscnted 
only by insigiulieant, hcihaeeoiis deseendants like the ground pines 
and scouiing rushes (F'lg Itiril 

Unilci the moist and perfieliial suniinei ol the coal swamps, shades 
of green must have iieeii dominant It is likely that the nuniotoiious 
veiclurc was raicly enlivened hy hnglil eolois, fot tlie piiimlive lloweis 
ol the time wore simple and donlitless small as a rule Thcic was 
probably no honey to line the inseels and no sneet pinfumos to scent 
the ail, only fresh resinous odors such as iiervade the living conifer 
foiests 

Although seed-licanng plants were eonmion, siioie-lieaimg tiecs 
were even inoie almndani and at eerlam seasons mmst have covered 
the forests with a greenisli yellow oi inownisli dust of spines, since 
some of the coals (camicl coal) are composed almost eniirely of spore 
cases 

Te?n6 of many kinds weie eoinnioii, and they alone gave a modem 
aspect to the dells of these ancieiil loiests The leaves ol some siiecics 
attained huge piopoitions, single fKiiids reaelmig a length ol 5 or 6 
feet, and the slendei, niilnanehed trunks giew to he as high as 50 feci 

Seed ferns rcsemhled the true terns in eeery lespeel save one they 
boie small niitlike seeds instead ol spines ajiiicnded to ilicir fiimds 
They may liaic descended Iroiii leiiis and m turn may have given rise 
to all the higher, secd-bcaring iilants Tliey were more common than 
the true ferns m Peiiiisylvaiiian time and have uften been confused 
with them, since the two giimji.s can lie di.slmguished only when fiuit- 
ing fronds aie lound 

Scouring lUhlics ol giant smo giew in solid slaiids like “cane biakes” 
in portions ol the swamps Like their lumihler modem (Icsecndant, 
Equisetum, they aic easily recognized by their vertically rililied and 
legulaily jointed stems (Figs 1G5, IGG) Tlic Paleozoic forms bore 




16} A Fmnsylvmtan Imdscap showing Umiacttltsttc ammaU and plants 
Fait of a great muial hy Fudolph Zalhnger Flants 1, a nee ftruj 2, Lepido- 
dendton, a scale tietj 3, Stgdlana, a scale tietj i, Coidaites, a fiicmsoi of the 
comfeis, 5, Calamues, a giant scorning lush Animals 6, Dtplomtehon, 7, 
Eryops, S, Eogyitnns, 9, Seymoiina, 10, Ltmnomlis, 11, lAsgammm, a giant 
diaganjly Niiinhis 6-S are amphibians, numbers 9-10 are reptiles 


at each joint a whorl of slender simple leaves which in inndein luslics 
aie lepiesented only by bractlike vestiges The leaf whorls, known 
as Annulana, coinnionly piesent a false lesomblancc lo flowcis The 
laigest of the Pennsylvanian lushes belonged to the genus Calamites 
Some of these exceeded 12 inches m diameter and had a lieight of 30 
or more feet Their trunks were not solid woody stems but lathor thin 
woody cylinders filled with a coic of pith and smioundod by thick 
balk, the woody layer seldom having a thickness of 2 inches 
The scale tees were the most imposing plants of the foicsts and in 
many places the most common Then name is derived iinm the fact 
that their close-set leaves left peimanent leaf soars over the trunk and 
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limbs that inako thorn apiioai scaled 166, 167) So striking is 

tins deception that twigs have been unslaken by amateur fossil hunt¬ 
ers for petiificd snake skins. The scale I,ices grew to a large size, 
their stumps rcacliing a (humcler of 1 to 0 feel, and then slowly taper¬ 
ing trunks an o\iroino lioight of inori' than TOO feet Most of them 
belonged to one of two well-defined types, Lcnifloilendxiti oi SigiUaria 




Fia 10(i Ocial MoaHUioH uldiUfa A, L( iiuloili lulxm, li, Sii/iUaiKi, (\ C'rDddUct, 

U, Cnlamiti i 

Lepidodendion (Figs 1().5, Kib) glow a (all sloudei tnuik branolung 
lepcatedly near the top to luesent a siuoading evown of stubby 
twigs ccneied with slender straplike leaves These leaves, like iin- 
inensely overgrown pine needles, in sonio siiccies weie fi to 8 luelies 
long and y, inch wide The older leaves weie slieil as new' ones foimed 
at the tips of the branehes, leaving shai'iiiy defined diainond-shaiiod 
leaf seals winch wcic noimally arranged in spiral lows about the limbs 
and the trunk (Fig 167) The branching was normally dichotomous 
(with equal folks) Spore cases were boiiic as cones at the tips of 
the limbs 

Sigillana (Figs 165, 166) possessed a thickei tiunk which raicly 
branched and was clothed lor several feet from the toji with large 
bladclikc leaves, lesemhling those of Leindodcndion but huger. In 
those tiecs the liaik was vcitically iiblicd, and the loaf scars wcie 
normally in vertical rows Tilinks have been found with a diameter, 
just above the roots, of 6 feet, and one specimen is known to be 100 
feet long witliout a branch 
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About 100 species each ot tiigiilaria mid Lep)dodendron have been 
described Allhougli many nf them wcic large tiocs, some wcnc rela¬ 
tively small In all of them the stuicturc of the tiunk and limbs was 
peculiar in that they had a relatively laige center of pith suiioiindcd 
by a woody cylinder, and this in turn by two very thick layers of 
coi'khkc bark The leaf scars are impressed only on the bark Tlic 
toot system likewise was poenliar, the main tiunk roots sin ending 

almost horizon (ally -.101110111 a Lap 
root, moroovc'i', they bianclied but 
a few times and so were siiibby and 
thiek The ical rootlcbs spiang 
diicetly fiom tlie suit's nf these 
trunk roots, radiating thickly away 
to a distance nt seiuial inches 
Such root stocks, known as stiq- 
mnun, aie eomnion in the fuo clays 
unclei coal beds and not mfic- 
qucntly appeal in the coal 
The cordmteR (muned aftci the 
Bohemian botanist Coidn) ivcre 
the forciunncr.s of the modoin coni¬ 
fers, which they icseuihled in their 
stiudy .s(di-woocl Liunks and then 
paiallel-veined loavc.s (Figs 165, 
166) They differed fiom true 
conifers in two chief icgards (1) 
their leaves iveic not necdlclike 
but bladehke, attaining a length of several inches to 5 01 6 feet, 
and (2) their seeds weie borne in racemes instead of being croivdcd 
into cones Many of them wei c tall, graceful trees, some attain¬ 
ing a height of 120 feet and a cliaiiietei as gieat as 3 feet In such 
trees fully two-Lliiids of the trunk was without blanches, though 
the top was a dense crown of branches and Luge simple leaves The 
wood of the coidaites was much like that of modem pines, but the 
pith at the center was larger They appear to have been one of the 
chief contiibutors to the vegetation that made the Pennsylvanian coal 
It IS obvious that oui knowledge of the Pennsylvanian land plants 
relates almost wholly to the swampy lowlands Possibly the most 
lapicl advances were being made in the uplands, where the climate was 
moie iigoruUs and muie stimulating but wheic the chances for pieser- 
vation of the record were slight 
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Pia 107 A bit of the b<irk of the senle 
tiee, Lepidadendion nodulatuni, bhowing 
the chaiaGleiiiatio leaf acais Hlightly le'^s 
than uatui al bize 
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One of ilio hLiikiiifi, f('utuivh dI the Peimhvlviinuui floras is the 
maikcd smniaiity of (he siiecies m dideient iwirts ot the wovlcl They 
were as ncaily <oninopoiitai'i as any m (,1 k- lOardi’s his(,oiy This must 
mean that then niigrulion Irom one conlment lo aiiothei was favored 
by extensive laud eoiuieelions and liy freedmu Iiom clmiiitic, barricis 

The Animal Conciuest of iha Lands 

Tliioiigli the dank fmests ol PenusyUtmiau (mie dioiied clumsy, 
piimitive iiiseels, while (eii(i[)cd<-s, sindeis, and scoiiiams seuriied 



Ficj 1()8 PciijiisvIviiiii.iu iiiHO(ts him) u Jpfl, a (ofKiotu li» Aiihlhoiohlalhna 

johmom, ri?nLt‘i, a j)niniliv(' Jiisi'fl, Sh norlulf/a lolmtu, iijihL, a lOnph) ijfi-iin tuc'il- 

xachii Nalui il s</{o lnpTi<ufU ‘2 \ llaiHlliisdi 


about over the fallen lof>s in scan h ol tood Small land snails woikcii 
their tedious way in the trees, and m the swamps a luuidied oi moie 
kinds of spiawhnp, amiilidua lulled about a,s do eroeodile.s or giant 
salaniaiidcis (Fig 165) Beluie the close of the pciiiul the mure ad¬ 
venturous of these auiplnbiaiis iiad left (he wati-i peimancntly to es¬ 
tablish the dynasty of the reptiles Now lor the hist time we find the 
lecord of vaiicd and abundant land animals, henceforth then domin¬ 
ion ovei the lands is never loi a inoiuent in doubt 
The insects of tins Lime were tiuly lenuukaidc for tlieii gieat size 
Out of lour luuidiod loriiis known from Lowei and Middle Pennsyl¬ 
vanian .stiala, 11101 e Lhan a score t-xci-edcd 4 inches in Icnglh, six at¬ 
tained to nearly S inches, and thiee exceeded a loot, the average longtli 
being about 2 inches The hugest ol all wuis a dragonfly-like tyfie 
found in the Coal Measures of Belgium, which luirl a wing .spread of 
29 inches (Fig 165) No jiciiod since has produced insects so large 
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Most of these insects were of stiangc pumitive stocks not exactly hko 
any ol the modem oiclcrs Cockroaches, howevei, wcic voiy like the 
living ones, only larger, and so common that the peuod has some¬ 
times been called the Age of Cockroachex (Eig 168) Scvcial of the 


Pennsylvanian species achieved 



Fity 169 Pehon luelli, a piobablo 
anccstoi of the moclein fiog? Speci¬ 
men imbedded in shale, its back down 
Lowei middle Penns^lvainaii shale afc 
Linton, Ohio Natuiul size Oiigiiial 
m the 'Vinencau Museum of Natuial 
Histoiy Ihom Uoy L Moodie, by 
coiiiiesy of the IT S National Musouin 


length of 3 or 4 inches 

The presence of several Iimidred 
species of insects in tlic Pennsyl¬ 
vanian makes their sudden appear¬ 
ance at this time the inoic remark¬ 
able The divcisity of the forms 
lepicsented imiilies a long antecedent 
evolution wliose lecord may yet be 
found in Mississippian if not m De¬ 
vonian rocks 

Scoipions, lemaikably like mod¬ 
ern ones in size and stiuctine, occur 
with the insect fossils iSpiders (Fig 
168) likewise occiii, though none of 
the fossils shows clear cwidcnce of 
spiiinciets, and it may be that these 
early forms did not make webs 
Centipedes (oi inyuapocls) of sev- 
eial kinds are known, the largest ot 
which, found at Mazon Cicck, Illi¬ 
nois, had a length of 12 inches 

Land snails weie fiist discovered 
in the famous Joggins section of 
Nova Scotia, where they were asso¬ 
ciated with the skeletons of am¬ 
phibia Both had taken lefuge in 
standing hollow stumps that wcie 
overwhelmed by floods and buiied 
by sand and mud. Land snails aie 
oxticmely laie fossils m the Paleo¬ 
zoic locks, however, and all arc 
small 


Small jiesh-watei clams of several kinds (Carhonicola, Antliraco- 
mya, etc ) occur abundantly in the daik shales of certain of the coal 
fields, especially in Nova Scotia and Europe 

Vertebrate animals are represented by abundant skeletal remains of 
amphibia, Fiona the Coal Measmes of North America alone no fewer 



Fig 170 Skulh of Pennsylva,man labyiiiithodonts 1, 2, Diceratosauuis (dorail and 
veiitiiil views.) fiom Linton, Ohio (natuial size), 3, 4» Miohatrachus (doisa an ven i 
views) from Mazon Creek, Illinois (X2j^) Aftei Moodic and Watson, rcapoc ive y 
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than 7 oideis, 19 faimlieh, 46 geneia, ami 88 si)ecie& are known Such 
great diversity suggests that these animals were common in spite of 
the fact that they aie still the rarest of fossils The most remarkable 
single locality for such remains is at Linton, Ohio, at the base of the 
Freeport coal, where abundant ganoid fishes and no fewer than 50 

species of amphibia have been 
found (Figs 165, 1G9, 170) 

The Pennsylvanian amphibia 
wore labyrinthodonts, and nearly 
all were small (Fig 171) Many ol 
tliem were only a few inches long, 
and laige ones, scarcely 10 feet 
ovei all, would not exceed a laigc 
Florida alligator The greatest of 
all IS known only from its tracks, 
deeply impiessod in Mid-Pcnnsyl- 
vanian sandstone ncai Lawrence, 
Kansas Tins animal {Onychopus, 
dicjas) had blunt, .stnbby feet over 
5 inches long, and although its 
stride was only about 30 inches, the 
light and left treads were wide 
apart, indicating a short but very hcavy-bodiecl animal estimated to 
weigh not less than 500 oi 600 pounds There is some evidence that 
the feet woic webbed like those of a ciocodilc 
A few te-phles of small size appeared during the later half of the 
period, but then remains aic very nuc (Fig 172) 

Resume oj the Man me Animals 

The invertebrate life of the Pennsylvanian seas was not only prolific 
but also vaiied Moioover, it was a cosmopolitan assemblage, pre¬ 
senting much the same aspect in various parts of the world 
Brachwpods (PI 10, figs 1—6, 8-12) and lacy biyozoa continued in 
gicat piofusion The spiny producticls exceeded all other biachiopods 
and gave a distinctive aspect to all the faunas 
The inufldy and sandy sea floors seem to have been especially suit¬ 
able for pelecypods (PI 10, figs 18-22) and gastropods (PI 10, figs 
14—17), which weie represented by hundreds of species In general, 
these were still small, however, few of the shells exceeding a length of 
1 01 2 inches Cephalopods were much less nnmerous and generally 



Fiq 171 A pinnitiva salamanrloi 
(Eumiu<rj)ctnn panum), less tlian 2 
mclies in Icnstli, as i econstuu tod In 
Roy L MondiP ftom speoimona found iii 
oonoieLiona in tlie Ponnsi-lvaniaii shales 
at Mazou Cieelt, Illmoia 




Plate 10 Pennsylvanian Biacluopod& (1-6, S-12), Coial (7), Tiilobite (PI), 
and Molluscs (14-22) 

Fig 1, MesoWms mesolobus, 2. Lwsocho^ieles an.iiUiianus, 3, 4, Juresama nshrascpnns, 
5, a Mm a^mf a a svhndens (5, mtciior view of doisal valvo), 7, Amtan 

3, 9, Dictvoclostus porllocUanus, 10, Lmaproduotus jnaltemaHus, 11, Nimspinfer dun a 
12, Compoeila subhhta, 13, Philhpma myoi, oiio of the very last of the tiiLoOites, a, 
Euphermtes carbonam,is, 15, WmUwma talmlata, 16, Trepaspim Rphxrulaia IJ. 
Luionotus Irmnnaius, 18, Nuculana mala. 19, 20, Nw.ulopsis ventncosa, 21, Schtzodus 
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are poorly preserved, though in some legums, especially the coal fields 
of Euiupc, they aic not so rare and arc ol great value m stratigiaphic 
coiiclation Of these, the nautiloids weie lather on the decline, but 
the gomatites were lapiclly changing into a vaiiety of foims and devel¬ 
oping inoie complicated sutures, foieshadowing the expansion ot the 

typical ammonites during the next 
period 

Comls (PI 10, fig 7) of a few 
kinds, mostly sohtaiy types, pei- 
sisted, hut only locally assumed im¬ 
portance Echinodcimata aie rep¬ 
resented by abundant cnnoidal 
fiagments and the plates and spines 
of sea-in chins, but well-picscivcd 
skeletons of cither group are not 
common because the shallow sea 


floors weic wave-swept enough to 
bieak apart the echmodeim bodies 
Dlnstoids made their last stand in 
the earliest pait of the period and 
aie never found above the lowei- 
inost Pennsylvanian foimations 
(AA^apaiiucka and Mon ow), except 
in the East Indies, wheic scveial 
geneia appeal in the Pcimian 
One of the most striking gioups 
of Pennsylvanian fossils is the 
fusulmes, a family of relatively 
large bottom-dwelling Forainini- 
feia They built multichambercd 
bray shells of globular or fusifoim 
shape, wdience the name Eusu- 
linidai, meaning spindle-shaped 
Commonly they losemblc grains of 
wheat 01 oats in size and shape 
They were impoitant rock raakcis 
m many jiaits of the noithcrn hemisphcic, where fiisulinc limestones 
are widely spiead (Fig 173) 

Small foraimnifeis weic also common and vaiiecl m the Pennsyl¬ 
vanian seas Ostracods were still numeious though neaily all veiy 
small 



U S National Museum 


Fig 172 The oldest known leptile, 
Eosauravna copei The hind legs and 
most of the backbone are prcseived 
kowei middle Pennsylvaman beds at 
Linton, Ohio Natuial size Pioin 
lio> L Moodie, by courtesy of the U S 
National Museum 
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Minute types of fossils, such as foiaminifcrs and ostiacorls, have 
pioved to be very useful in subsurface con elation in the oil fields, 



Yale Ptalwdif Museum 


Piu 171. Pngmeiit of funilino hiiio'iloiio fiom the Uppei reiiu-ivlvuiiMii of Kaiis.i'j 

Niiluiiil size 



Fig 174 Miciofossils flora the Penneylvaman, gieatly onlaiged Foiammifeia 

I, 2, Tctiataxis palcrotrochus (side and dorsal views), 3, Chmacammina cyhndriui, 4, Am- 
mohaLuhtes slormi, 5, Bradyma magna, 0, StaffcUa Lcgln, 7, Wedekirukllina ruthi/scpta, 
8, Tnticites ventneosus Ostiacoda 9, Heald%a hmacoidra, 10, Glupto^xltuia mcnaidcnsis, 

II, 12, Amphiscilcs centronotu^ (end and side view), 13, HoUincUa Iclletlw The iiiscit at 
ceiitei top shows the specimens neai natiiial size 


Since they can be recovered fiom the dull cuttings and, when studied, 
seive to identify the foiination through which the dull is passing 
Because of then small size they are commonly spoken of as micro- 
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fossils (see Fig 174), and then study has become a specialized science 
known as micropaleontology 
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THE PERMIAN PERIOD, A CRISIS IN EARTH HISTORY 

Momentous changes ushered the Paleozoic era to its close As the 
mobile boiderlands continued to rise and were thrust against the 
cineigmg continents, sevcial of the gicat Paleozoic geosynclines wcic 
uplifted into told mountains These al])me chains stretched along the 
eastern and southern bordei of Noith America, crossed central Europe 
and southern Asia, and reached southward through the East Indian 
arc The Uials also weic formed at this time As the enlarged con¬ 
tinents inteifeied with the ocean currents, so these tai-flung chains of 
lofty mountains disarranged the atmospheiic cuculaLion, and gave 
use to climatic extiemes of unpicccdcnted severity 

The widespicad glaciation and the long-contmued nudity whicli 
swept over laigo parts of a woild picviously adjusted to warm, moist 
cliraatos caused oigamc changes of the most drastic soit Land ani¬ 
mals, and land plants as well, stiugglmg against a new and haish 
cnviionmcnt, cithci made effective adaptations or liecaiuc extinct 
Judged by the changes that occuricd, the Permian must be reckoned 
as one of the gicat crises m the lustoiy of life 

Founding of the Permian System. Almost as soon ns the caily 
Paleozoic systems were defined, Mmcluson and Sedgwick wcic con¬ 
cerned to know whether they would be locoguizablc in othci icgioiis 
Travel in Germany, the Alps, and Belgium confiimed then holies that 
they would Tn all those icgions, however, the loeks aie much dis¬ 
turbed, hence, when rumois were biougliL back that Paleozoic stiata 
WCIC flat-lying ovei gicat areas m Eussia, Murchison dcteimincd to 
extend Ins exploration in that direction The publication of his great 
classic, Silwia, had bi ought him .such icnown that it was easily ar- 
langed for his expedition to pioeecd imdoi the royal patronage of the 
Czar He was joined in this mulcrtakmg by two fiiends, the Russian 
geologist, CnimL Keyserling, and his French colleague, Do Vcrneuil, 

In western England and Wales, where so many of the systems had 
been named, the Coal Mcasuics arc succeeded by redbeds that tiic m 
the main unlossiliferous In Russia, however, Muichison found Llic 
Coal Measuies overlain by a widely distributed scries of highly fossil- 
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ifcious rocks, partly teirestiial but largely marine These he fiist 
studied in the piovince of Pcim on the western flank of the Urals, and 
fiom these exposures he called them the Permian system Later woik 
has shown that the system can be recognized in many other legions 
and that the older part of the redbeds ovei lying the Coal Measures 
of England and Germany i& of the same age, though deposited under 
different conditions The extensive development of Penman locks in 
America was not recognized until after 1900, when the thick and richly 
fossihferous sections of west Texas and New Mexico wcic discovcicd, 
but it IS now deal that we have a Penman section unexcelled in any 
pait of the woilcl 

Physical History op a Changing World 

Final Emergence of the Appalachian Geosyncline Ovci easten 
North Amciica the change from Pennsylvanian to Penman conditions 
was tiansitional rather than abrupt A mountainous boidciland 
stietched fioin Newfoundland fo Mexico, and the region of the Ap¬ 
palachian gcoaynchno remained a broad alluvial jilain crossed by scdi- 
luent-ladon sticains flowing wcstwaid towaid the reti eating sea Dep¬ 
osition continued for a time acioss tlio ccntial part of the gcosynclmc, 
as shown by the Dunkaid gioup in southeastern Ohio and noithvvcst- 
ein West Vnginia (Fig 175A) Piobably these lonnations were orig¬ 
inally more extensive along the trough and were laigcly destroyed by 
ei osion later in the period. 

Before Middle Penman time the uplift had become gencial ovci 
the whole of the eastern United States, so that the streams earned 
their burdens thiough to the basin which then occupied the Micl-Con- 
unent region, and deposition ceased ovci the Appalachian trough, 
which later in the period was folded into an anticlinoiiura and de¬ 
stroyed foievcr as a geosyncline Thus with the close of the Paleo¬ 
zoic eia came an end to one of the giandcst features of ancient Noith 
America Since oailiest Cambrian time the Appalachian trough had 
subsided inteimittently during eveiy period, and had been the site of 
the most persistent in tenor seaways, trapping some 50,000 feet of 
strata With the Permian came a change so piolound that the legion 
has nevei since been crossed by the sea' 

The Dunkard group of Ohio and West Virginia is almost wholly 
nonmaiinc, including plant and insect fossils and a few thin coal beds 
One thin zone has yielded, in addition, the biachiopod Lingula and a 
few shark spines, indicating that for a very biief time the sea icachod 
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^ 176 Guadalup Mountains vuwid fioni the south The light-iolot ed sumimt 
of th lange ts made of the Capttan leef-lmeslom, winch m El CapUan Paint 
(centii) foims then iliffi am 1100 feet high The slope below the Imeitone n 
fotimd of the Delawaie Mountam sandstone which has a thickness of about 3000 
pet 


tins far caatward Othcvwise no maiinc Penman i.s knnnn cast of 
Kansas 

Vanishing of the Mid-Continent Seaway. The Mid-Contiiienl 
legion, flora Kansas and Nebraska southwaid across Texas, remained 
a vast basin of deposition, as it had been in the previous period, and 
heie, too, the change from Pennsylvanian to Pcimian condiluiras was 
transitional, though ultimately piofound (Fig 175) 

Eaily m the penod a shallow sea reached noithwaid to southcastein 
Nebraska and eastern Kansas In the extensive aiea of outcrops 
acioss Texas, Oklahoma, and Kansas, eaily Penman formations con¬ 
sist of alternating shales and thin liraestonos gcncially similni to those 
below As we ascend in the section, however, evidence of a giaclual 
and profound change is seen In successive maime horizons the fossils 
aie leduced to fewer and fewer kinds, as coials and echinodcims drop 
out and finally biyozoans and brachiopods also disappear Above some 
hundreds of feet of such beds lies a thick giay shale (Wellington 
shale) beaimg the gieat salt deposits of Kansas It is succeeded m 
tuin by red sandstones and maroon shales without fossils 

Flora tins recoid we may infer the following bistoiy At the begin¬ 
ning (it the penod an extensive epeiiic sea oecuiiied the region of the 
wcslcin Groat Plains It doubtless spicad far east of tlio picscnt out- 
ciops and at one Lime leaclied tempoiarily to Ohio Its outlet to the 
south aoioss Oklahoma was restiictcd by the giowth of a gioai delta 
from Llanoiia, which surrounded the Aibucklc and Wichita mountains 
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as the modern delta of the liwang-Ho smrounds the Shantung penin¬ 
sula in China Deltas were also growing eastward fi om the Colorado 
Mountains in New Mexico The climate gradually became so and 
that evapoiation exceeded pi ecipitation, and eventually a vast dead 
sea occupied the middle of the basin which ccnteied over Kansas and 
Oklahoma One gioup after another of the maiine animals died out, 
and eventually the watci became a bimc fioin which salt was pre¬ 
cipitated Acioss Mexico and the Gulf a connection with the ocean 
was maintained through which 

more salt water was supplied as i~ | 

evapoi ation proceeded Eventu- „ew V i ' 

ally the waters disappeared, cither i 

because the basin was filled to j 

sealevel, or because of regional | 

warping Then, sti earns converg- X_ 

ing into the basin spioad over its \ ’ \ 

desert floni hundieds of feet of icd ^ ' \ \ 

mud and sands For a time, cx- M 

tensive sand dunes covered parts , \ \ 1 

ot Oklahoma, whcic they arc pre- _Sll 

served m the AVhitohoise sand- 3 ^. 

stone In the icdbcds thcie aie tent, of the Gundnlnpe bnsin (sparse aiip- 

occasional zones of gypsum, which siipphng) Aftoi Piuhp b King 
seem to indicate a tcmpoiaiy ic- 

tuin of scawatci and paitial evapoiation, though not enough to pre¬ 
cipitate salt 

The Kansas dead sea maiks the last .stand of the Paleozoic ciicinc 
seas east of the Cordilleian icgion Even this sea had vanished bofoic 
the close of the pciiod, and wc must tuin to the lai Southwest foi a 
I'ccoid of Late Peiraian time 


Guadalupe Basin of West Texas and New Mexico. The grand¬ 
est Penman lecord in Amenca, if not m the world, occurs in w'estern 
Texas and southeastern New Mexico, wheic Penman stiata total 
about 14,000 feet m thickness This was a basin, occupied much of 
the time by a seaway which cntcicd thiough A'lexico, and toward 
which the diainago convcigcd from the Ea.stoin Intciior Out of the 
midst ot it now use the Guadalupe Mountains with a supcih display 
of Penman rocks (Fig 176), and foi these the cntiio depression of 
Permian date may be called the Guadahipe basin (Fig 177) Within 
this majoi deiiiession theie wcic thicc subsidiary and rapidly sinking 
aieas, the Deiov'aie bnsm in Tians-Pecos Texas and southeastern New 
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Mexico, the Marfa basin farthei southwest, and tlie Midland basin of 
centiaTwestem Texas (Fig 177) 

As the icst of the Mid-Gontincnt region emerged into lowland and 
the climate turned incieasingly and, local conditions in the Guadalupe 
basin gave use to exceptional Permian deposition Evapoiation was 
matched by a steady flow of the marine watoi fiom the basin to its 
bordcimg shallow fringe This caused deposition of limestone along 
the margins of the basins whcie the water was warmed and began to 
be concentiated The lesult was the growth of leeflike limy banks 
between the deeper basins and vast marginal lagoons (Fig 178) The 



Fig 178 Block dmgiam showing lelations as they existed about the noithein mugin 
of the Dolawaio basin neai the close of Middle Peimian time I’loiit side of the block 
shows a section thiough the Capitan leef with dcepei watoi m the basin nt the left and 
shallow water in the lagoon behind the leef Low delta plains aiipeai at the extieine 
light Length of tlie section along the fiont face about 12 miles, veitical scale exaggeiated 

lattei tended to become salt pans in which the led muds from the sur¬ 
rounding lands settled, to intci tongue with deposits of gypsum and 
anhydiite and salt; while nearly puie limestone was accumulating 
ovei the leefy areas, and daik shales, claik limestone, and siltstone 
weie deposited m the deeper water of the basins In the lagoons, life 
was spaise or limited in vaiicty, the iccfs were inhabited by numeious 
highly specialized bracliiopods and by other inveitcbratos which pic- 
feiied this environment, and the sea floois of the basin included a 
vmried and iiioie noimal population Thus, in this region the Permian 
stiata of any given time commonly present three distinct facies—one 
of lagoonal deposits (slabby limestone, gypsum, salt, and redbeds), 
one of massive iccfy limestone, and another of nounal marine stiata— 
each grading locally into the otlici with astonishing abruptness (Fig 
178) 

Finally, duiing the last epoch of the period, the marine watei shiank 
into the deeper part of the basin to form a dead sea (Fig 179), in 
which phenomenal deposits of salt and anhydrite were precipitated 
These are discussed on page 292 




THE PERMIAN PERIOD. A CRISIS IN EARTH HISTORY 


285 


Changes in the Cordilleran Region. In tlie Far West, also, im¬ 
portant changes -were taking place During eaily Permian time a 
southwestern cmbayinent included eastern Nevada and much of Utah, 
and a new seaway ran noi thwostwai cl across Califuinia Thick and 
ncaily puie limestones of this age in southern Nevada and in northern 
Calif 01 nia imply that the near-by lands wcic still low Duimg the 
middle pait of the pciiod, howcvei, volcanoes were active in Cahfoi- 
nia, western Nevada and 
Idaho, and eastern Oregon 
(Fig 1750 This was appar¬ 
ently the first outbieak, and 
the foieiuniicr of the great 
Igneous activity that -was to 
chaiactcrize the Pacific bordei 
during Mesozoic time Ncai 
the middle ot the pciiod a new 
tiough occupied the cenLial part 
of British Columbia, extending 
southward into Washington 
and Oregon and licanng an 
oriental fauna not known 
farther south in America 
Permian locks aie also 
widely distributed in arctic 
America, notably along the 
west coast of Alaska, along the 
Yukon Rivei, and in Cape 
Lisbuine on the aictic coast of Alaska, also along the northern border 
of Sverdrup and Parry Island groups and in Ellcsmeie Island These 
outciops bear fossils indicating a common connection across the north¬ 
ern margin of the continent fiom Alaska to East Gieenland and thence, 
via Spitzbcigen and Novaya Zemlya, with the Uial legion of the 
USSR 



Fia 179 Paleogeogiapliv of NoiUi Amenca 
duimg Idtcbl Permian time COohoa epoch) 


Far-Reaching Orogeny and Con'i'inentae TIpliet 

The Appalachian Revolution. Duimg or at the close of this 
peiiocl Appalachia was thiust westwaid against the goosynclmc, fold¬ 
ing and thiusting the thick Paleozoic foimations into a gieat niountain 
chain that extended unbiokcn horn Newfoundland to Alabama Prac¬ 
tically all the structures now visible in the ridge and valley piovince 
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south of New England date fiom this distuibance In New England 
and Maritime Canada the cailier disturbances (Taconian, Acadian, 
etc ) had more or less stiongly deformed the locks of the geosyncline, 
and there the effects of these several inovements aic compounded 
and difficult to separate, but south of New England the gieat moun¬ 
tain folds (Fig 180) date entirely from the Apiuilachian i evolution 
The movement was clearly later than the Eaily Permian, since the 
Dunkard gioup is gently deformed along with the older strata, and it 
was long before the middle of the Triassic, since the folds had been 
locally peneplaned befoie deposition of the Tiiassic Newark group 
began In the absence of late Permian and eaily Tiiassic foimations 



Fig 180 Section aoioss Appalachian stiucturos in central Virginia, fiom the edge of 
edge of the Maitio thiubt appeals at the OKtieme right, and two othei thi lists aie shown 
liorizoiital 


the movement can not bo more precisely dated, thougli it probably cul¬ 
minated at the end of the Permian period 

A Closs-section of the Appalachian piovince (Fig 180) shows 
cleaily that the moving force was from the southeast Foi example, 
along the eastern inaigin of the geosyncline a sciics of tlnusts of great 
magnitude cairied Cambiian and younger locks westward until m 
places they rested upon the Coal Measures Figure 181 shows the 
position of the greatest of these faults The Martic thiust can be 
traced from Georgia to Pennsylvania, a distance of more than 500 
miles, and the Blue Ridge fault extends over 700 miles, fiom Alabama 
into Pennsylvania Westward movement of as much as 12 miles has 
been recorded on a single thrust 

In the belt of thiust faults the softei locks are strongly crumpled 
(Fig 182), and the folds aic gcneially oveiturned to the northwest 
The intensity of deformation dies out to the westward, howcvci, and 
the folds arc moie and more open until the beds he nearly honzontal 
in the Allegheny Plateau The effect of the folding and faulting has 
been to leducc gicatly the original width of the folded belt It has 
been estimated that the section between Philadelphia and Altoona, 
Pennsylvania, was shortened by 100 miles,^ and that the entire geo- 
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syiicline, with an original width of 500 miles, is now i educed to 270 
miles 

It is impossible to determine how high the mountains stood at any 
given time duiing the Penman, but they probably rivaled the modern 
Alps in giandeur The amplitude of some of the folds in Pennsylvania 
(Fig 183) would suggest a height of 5 miles, but this is probably too 
great, since the highest peaks must have sufleied rajiid ciosion as they 
slowly rose, moieovei, we do not know how much regional uplift went 
along with the folding 

Much Igneous action accompanied the movement in the mobile zone 
Extensive giamtes in the modem piedmont belt (Fig 181) and prob- 



tlio Allegheny Plateau (leftl to tho Piedmont slope near Kithmond (light) The western 
to the left of it Length of section about 100 miles, vcitical scale about 2]/i times tho 


ably pait of the gianiLcs of New England weie mtiurlod at this time 
Profound ciosion has since removed such volcanics as may have 
existed, and laid bare these deep-seated intrusives This icmnval of 
the younger locks from the intiuded masses has made it difficult to 
date the granites with assurance, but llio fact lliat their imnoials do 
not show strain or shcaiing proves that the mtiusion did not piecede 
the Pciraian thiusting 

The Ouachita Disturbance The structures of the Ouachita 
Mountains ot Aikunsas and Oklahoma (Fig 179) appeal also to have 
been formed m the Permian They piesont a northward-facing arc 
of intensely folded Paleozoic formations, lying in a senes of gieat 
mibiicated tliiust sheets The whole mass of tho mountains has been 
thrust northwcstwaid, piobably tens of miles, over the eastern end of 
the older Ai buckle range Theie is still some unccitainty as to the 
exact time of the thrusting It involves thick Lower Pennsylvanian 
formations and is, of coiu&c, younger than those Moicover, the 
Ouachita thuists ovciride the Aibuckle Mountain structures, which 
in turn weie uplifted dining Pennsylvanian time It appeals prob¬ 
able, theiefore, that the Ouachita structures weic formed by Pcimian 
thrusting “ 
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Volcanoes of the Pacific Border. In California the middle Pei- 
mian (No&oni) formation includes imicli volcanic tuff and lava Re¬ 
cently a veiy characteristic Pcimian shaik {Ilehcopnon) was found 
in west-cential Nevada in tuffaceous shale intcrbcdded in volcanics 
that exceed 13,000 feet m thickness It is imccitain whether all the 



Fig 181 Sketch map showing distubu- 
tion of late Paleozoic batholifchs {solid 
black) and the traces of major thiust faults 
(heavy lines) m the southern Appalachians 
Overlapping deposits of the Coastal Plain 
are shaded Adapted fiom Anna I Jonas 


Igneous material is Pcimian, but 
the middle pari, at least, is so 
Also in eastcin Oiegon and west- 
central Idaho volcanics (Castio 
formation) thousands of feet 
thick include a few thin maiinc 
beds bearing Pei mian fossils 
These facts indicate the picsence 
ot an extensive field of volcanoes 
during the middle part of Pei- 
mian time in eastcin California, 
western Nevada, and along the 
Idaho-Oiegon boundary Theie 
was likewise much volcanic ac¬ 
tivity in central Mexico and 
Alaska in Penman time This 
extensive outburst in the Penman 
was only the foicriinnci ol the 
great Igneous activity of the 
Mesozoic eia 

Permian Mountains of Eu¬ 
rasia. Crustal instability seems 
to have been as great m Europe 
as it was in North America dur¬ 
ing Pennsylvanian and Permian 
time The Urals, which closely 


paiallel the Appalachians in stiuctuie as in history, were folded dur¬ 


ing the Permian, while the Vanscan chains were completed across 


southern England, Germany, and northern France 


Stratigraphy of the Permian System 

Guadalupe Basin. In the Guadalupe basin, where the Pcimian 
strata reach a thickness of 14,000 feet, they have been subdivided 
as follows 
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4 Ochoa senes 
3 Guadalupe senes 
2 Leonard senes 
1 Wolfcamp senes 

The Wollramp norm, 500 to 700 feel thick, is cnlucly marine m tins 
area and consists of intei betklecl liniesUine and shale In the Glass 
Mountains, wheie it icsts imeonfonnably on the Maiathon folds, it 
includes basal deposits uf com sc limestone bieccia It is clmiacteiizcd 
by distinctive fossils of which the laigc venLiicosc foianimiler, Fwudo- 
schwagertm, is most diagnostic Fiom numerous oiitciops in exticmc 
western Texas it dips castwaid under yoimgei rocks and icaiipcais m 
north-central Texas (Fig 175A) There it consists largely of shale but 
includes numoiQus peisisLent liuiestonos and is divided into many 
foimations and raemherB (uppei Cisco and Wichita giuups) Traced 


Cl W STOSB» U 5 UBOLOCrlCAI SURVEY 

I'ig 1S2 Folds m tbm-bulild Sdunan focks, pioduced by rbc Appalachian isvoln 
non Tk xmface insihlc hex tx due to tiosm and ts not the ongml mjace h 
S fdtinipofn the folding ‘ Flutcdiocks'* onGteatCacaponKive), WestVtrgtma 
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iioithward Lowaid the Arbuckle Mountama, the hmeeionea disappear 
and the cntiic senes goes over into conglomeratic icdbcds, still faithor 
noith, howevei, limestones leappear, and m Kansas and soutliein 
Nebiaska, wheie these locks have been called the Big Blue senes, they 
are marine and iichly fossilifeious The change of character about 
the Oklahoma Mountains is due to the locally derived sediment and 
perhaps to the growth of a laige delta deposited by streams draining 
the Eastern Intcnoi 



Pin 183 HGconstuietion of tho eioded folds neui Ilai i isbui g, Pcims^Iviinia, showing 
the sizo of the original folds Length of section about 15 miles, voitital scale not exag¬ 
gerated AB, axial piano of an oveituined anticline, CD, axml piano of an ovoitinned 
synohno Adapted fioin a diagiam by Gooige Ashley, Topogiapluc and Geologic Suivey 
of Pennsylvania 


The Leonard senes, more than 2000 feet thick in the Guadalupe 
basin, varies locally from gray shale to neaily black shale to black 
limestone and to pure white limestone, but is wholly maime m this 
area Dipping eastward under cover, it reappears in central Texas, 
in the form of ledbeds with but few thin limestones and much inter- 
bedded gypsum From here northward across Oklahoma and Kansas 
it IS chiefly a redbed scries Fossil reptiles have been found in the red 
shales in Oklahoma, and both leptiles and labyrmthodonts (Fig 193) 
in noith-ccntral Texas These land animals weio obviously living 
along the sluggish streams that wandeied over a vast alluvial plain 
Marine fossils arc limited to a few very thin zones in Texas and 
Oklahoma, and apparently most of the redbeds are fluvial deposits 
At the top of the senes, however, there is a very widespread zone of 
gypsum (the Blame formation) extending continuously from Kansas 
into Texas It was appaiently formed m vast lagoons largely cut off 
from the sea which still occupied the Guadalupe basin, and the pie- 
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cipitation of so much calcium sulphate implies sevcic aridity and 
excessive evaporation over the whole Mid-Continont region 
The Guadalupe se? lea is most fully developed in the Delaware basin, 
where it is completely marine and shows with exceptional claiity the 
changes ot facies discussed on p 284 These are illustiatcd in Fig 
178 Around the margins of the basin, shallow banks of icefhko 
nature grew nearly to scalcvel, forming a bar between the deeper water 
of the basin and the shallow lagoons that stretched away to the 
1101 th and east The Delaware Mountain gioup, foimcd m the basin, 
consists laigely of sandstone and siltstonc intei bedded with nuineious 
daik sandy limestone beds It is still a pioblcm how such a vast 
quantity of sand got through the lagoons and past the reefs into the 
depth ot the basin, probably it was swept in thiough bleaches in the 
leefs wheic sti earns entered from the Eastern Inlcnoi 
The leef limestone is pcculiaily massive and now stands out in bold 
cliffs in the Guadalupe Mountains (Fig 176) As the reels lose some 
hundreds of feet above the floor of the basin and tended to giow 
basinward, the Capitan reef liiiicstone heie appears to oveihe the 
Delaware Mountain sandstone, but in places along the flank of the 
range, beds of the daik Inncstono in the upper pait of the Dclawaie 
Mountain gioup use to intcitongue with the white limestone, defining 
the oiiginal slope of the reef fiont Back of the Capitan lecf he the 
lagoonal deposits, including bedded hinestonc near the reef, grading 
out into vanegated shales and including piecipitatcs such as gypsum 
and anhydrite Over a vast area in cential Texas, Oklahoma, and 
Kansas, red muds and sands accumulated to foim the Whitchoise 
group, which may be largely nomnaimc, but several thin beds of 
fossiliferous dolomite among the red shales in cential Texas indicate 
temporary incuisions of the sea over this low alluvial plain At one 
time the maime watcis leachcd to cential Oklahoma, but in northern 
Oklahoma and southcin Kansas pait ot the Whitehorse sandstone is 
cross-bedded m such fashion as to indicate dunes 

Meanwhile, daik marine shales and volcanics were accumulating in 
central and noithein California, and thick deposits of volcanic mate- 
iial foimed m eastern Oicgon and w'estcin Idaho In cential Mexico 
(Las Dchcias aica) the marine Penman of this date likewise includes 
much volcanic matciial 

In British Columbia, on the contrary, the Penman foimations 
(Cache Creek group) contain thick and rather pure limestones 

The Ochoa senes (Fig 184) leachcs a thickness of 4450 feet in the 
Delaware basin and includes one of the world’s greatest deposits of 
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salt During the closing stages of the Pei mian the deepei pai ts of the 
Guadalupe basin formed a dead sea in the midst of a vast deseit low¬ 
land (Pig 179) Limited connection with the ocean via Mexico al¬ 
lowed an inflow of watci to leplace evaporation until satuiation was 
reached and salt and anhydrite wcie piccipitated For a time the 
deposition was confined to the Delaware basin, and theie the Castile 
deposits, as much as 2000 feet thick, consist almost wholly of chemical 
piecipitates, chiefly banded anhydiite (CaS 04 ) and halite (NaCl) 
By the time this deposition was completed, the Delaware basin was 
laigcly filled, and deposition spiead more widely over the Guadalupe 



Fic 184 Oioss-sootion of fcho Delawaie basin as it existed at the close of Poimian 
■time, showing the stiatigiapluo iplations of the Ochoa soiies Adapted fiom Geoige A 
Ki osnlem 


basin Concentration continued meanwhile, and the Salaclo forma¬ 
tion accumulated to a maximum thickness of 2400 feet Over much 
of the basin this foimation is made up of rock salt or halite mter- 
hedded vith anhydiite and including iicai its middle one of the gicat- 
est known deposits of puLassium salts Towaid the margins of the 
basin the chemical precipitates grade laterally into vai legated sliales 
Following the chief salt deposition there wcie laid down the Rustlei 
foimation of dolomite and variegated shales, and, finally, the Dewey 
Lake redbeds of nonmaimc oiigin 

The lamination so common m the Castile gypsum is well shown in 
Fig 185 The light layers are nearly pure anhydiite, and the thin, 
daik layeis have consideiable organic matter and microscopic crystals 
of calcitc The well from which this core was taken passed thiough 
more than 1200 feet ol such laminated material Uclden gave reasons 
to suspect tliat these are seasonal precipitates, the puici layers repre¬ 
senting the driei season and the daikcr layers a moie humid season 
On this assumption, and from a count of the laminai m this well core, 
LFdden estimated that it required 306,000 yeais to deposit the Castile 
and Salado foiinations 
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The total cvapoi ation implied by ,so 
much salt is colossal King has ic- 
ccntly estimated that, if the salt wcic 
precipitated flora noimal seawatei 
which constantly flowed into the liasin 
to leplenish the loss, an average evap- 
01 ation of about 9tj feet per year 
over the 10,000 squaic miles of the 
basin would bo requiied foi a pound 
of 300,000 yoais"' Since the aveiagc 
evapoiation in Death Valley is only 
about ID/o foot, this is a sinking com- 
mentaiy on the Late Penman clunaLc 
of this legion 

Cordilleran Region As indicated 
in Fig 175, the souiliein part of the 
Coidilleiaii trough was occupied liy a 
shallow sea during much of Penman 
time This left an iiiiposiug marine 
lecord in southern and eastern Ne¬ 
vada, most ol Utah, southeasiei n 
Idaho, and cxticme western Wyom¬ 
ing Paithcr cast, redheds accumu¬ 
lated over a gieat aica surioundmg 
the Coloiado Mountains 

Grand exposures of these Pennian 
foiinations of the Far West aie to be 
seen in the walls of tlic Giand Canyon 
(Fig 186), where the latcial change 
of facies lioin icdbcds to marine sedi¬ 
ments may be studied The geneial 
relations are suggested by Fig 187 
The Kaibab limestone is a key hori¬ 
zon rimming the inner goigc of the 
canyon in unscalable cliffs from 500 
to 600 feet in height It pcisisLs aa a 
marine horizon from southern Nevada 
to northeast Utah, but in southeast 
and east-central Utah grades lateially 
into sandstone like the Coconino The 
Toroweap formation (until recently 
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Fia 185 Piece of a doop well coiQ 
(natuial Bine), &howing the lamin.iled 
auliydiite (CaSOi) of Lho Ca,stile toi- 
ination Piom Giosham Well No 1 
in Ciilboitsoii County, Texas Tina 
1 E> the well 0016 on which Di Udden’a 
study was based 
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included m the Kaibab) consists of a raaimG limestone with redbed 
membcis both above and below it Tlie limestone thickens and laigcly 
replaces tlie ledbeds m southem Nevada, but thins towaul the cast 
and IS replaced first by icdbcds and then by the massive, chff-formmg, 
light gray Coconino sandstone 

In the familiar Bass Tiail section, in the eastern pait of the Giand 
Canyon, the Coconino sandstone rests on soft icd Hcimit shale, and 
that m turn on the Supai formation of led sandstone, siltstone, and 
shale (Fig 187) The Supai icsts disconformably on the Redwall 
limestone of Mississippian age Traced w'cstward, the Hciimt shale 
becomes sandy and takes on the chaiacter of the Supai ioimation 


CHARLES SLHUCnEUl 

Fig 1S6 Looking mthimi j\om Yah Poznt along the wuth mail o] the Giand 
Canyon Eea the Pewim joimatms total slightly ovei 2600 jeet in tbukneis 
and test dtsconjoimahly on the Kedwall (Mttntsipptan) kmestone 





the PERMIAN PERIOD, A CRISIS IN EARTH HISTORY 


295 


AI the same time the typical Supai icdbeds become calcaieous toward 
the west and grade over into the upper part of a great mass of maiine 
limestone, which has been called the Callville formation ju&L west of 
the Gland Canyon and the Bud Springs limestone still faithei west 
In southern Nevada that great mass of limcfetonc, exceeding 5000 feet 
m thickness, includes in its lowei pait both Pennsylvanian and Mis- 
sissippian deposits, while the upper part is Penman The pre-Perinian 



Fio 187 Idealized “ioctioii of tlic Poiini.ui formations bet-weeu southern Nevada and 
north-central Aiizona, showing the westAvaid tluekcniug and change of facies The right 
end lepresents the -well-known sequence at the cast end of the Grand Canyon Data from 
Edwin D McKee (personal communication) 

beds oveilap out against the underlying Redwall limestone near the 
western end of the Grand Canyon, and the Penman pait alone grades 
eastwaid into the Supai redbeds (Figs. 5, 187) 

Thioughout this province manne limestone, fluvial icdbcds, and 
wind-blown sands weie deposited simultaneously according to local 
conditions, and, as these conditions shafted geogiaphieally during the 
period, complex changes ol facies occurred 
A gieat aiea of Mesozoic locks separates the exposuies of the Grand 
Canyon region from those of northern Utah and southeastcin Idaho, 
wheie the Phosphoiia formation is the most widely distributed and 
best-known Pcinnan deposit. Where typically developed, it includes a 
basal member ol black phosphatic shale and a thicker, upper member 
of cherty limestone, but toward the noithoast it intertongues with, 
and is finally leplaced by, red shales (lower part of the Chugwater 
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foimatron) that extend across Wyoming and into the rim of the 
Black Hills of South Dakota Its maime fossils indicate that the 
Phosphoria foimation is younger than the Kaibab Its absence from 
the Gland Canyon region may be due to post-Permian ciosion The 
Phosphoiia formation icsts on Pennsylvanian oi older beds m Wyom¬ 
ing, but in Idaho and northern Utah it is underlain by sandstones of 
great thickness (Oquiirh and Wells formations), the upper portion of 
which piobably represents, at least in pait, the Penman formations 
of the Gland Canyon section 


Climate 

It was but a natural sequel to these and othei gicat changes in the 
physical geography that climatic exti ernes wcie mtioduccd The 
extensive withdiawal of all the epcnic seas dm mg Permian tunc ic- 
inoved one of the chief agents in stabilizing the tcmpciature and pro¬ 
viding moisture to the winds that crossed the mtciiois of the conti¬ 
nents The enlarged lands must have inteifeicd greatly with the 
spiead of waim ocean cuirents towaid tlie poles, paiticularly in the 
southern heinispheie, wheic a land budge (Gondwana) (p 307) is 
believed to have ciussed the Atlantic At the same Lime each lofty 
mountain lange which stood athwart a prevailing wind belt must have 
increased piecipitation on the windwaid side and leduccd it on the 
lee The extensive highlands were chilled by then altitude Under 
these conditions local extremes of climate are not the paradoxical but 
the natural thing 

Deserts. During the Permian peiiod, deserts were probably more 
widespread than at any other time save the present The dune sands 
and the widespread deposits of salt and gypsum in the central and 
western United States indicate a vast interior more and than the 
present Great Basin The salt beds that stretch from Kansas to New 
Mexico have been estimated to include 30,000 billion tons of salt and 
would require the evaporation of more than 22,000 cubic miles of sea- 
watei with a salinity like that of the modern oceans. This precipi¬ 
tation, it must be remembered, occurred while only a part of the 
Permian formations were foiming The salt is not all of one age, in 
Kansas it is m early Peimian strata, and in west Texas the chief 
deposits aiG in the latest Permian formations 

Central and western Europe were also strongly arid during a pait 
of Penman time In Soviet Russia the Uralian geosyncline was then 
a great trough lying just west of the modern Ural Mountains For a 
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time shoitly bcfoie tlic middle of the penod it included a dead ^ea m 
the midst of a vast deseit basin m which the Kunguiian senes funned 
In tlie deepest part of this basin, about .Solikamsk, these deposits ex¬ 
ceed 4500 feet m thickness, are laif!,ely fotmed of salt and anhydrite, 
and include piohably the world’s hugest accumulation of potash salts 
The Stassfurt icgion of Germany has another of tlic gicat deposits 
of salt, one vhich until recently has been the woild’s cliicf pioduccv 



Fig 188 Distiibiitiou of Poinuau ghu’iation {hlack) Biiso nuip by couilesy of the 
Amcncan Museum of Natuial Tfistoiy 


of potassium Thus three areas—one in southwestern United States, 
one in the USSR, and one in Germany—include the world’s three 
gieatest salt deposits, and all aie of Permian date 
In South Africa the Penman deposits arc laigely noninaiine icd- 
beds, though there they are not associated with salts or dune sand, and, 
on the contiary, include a wondciful assemblage of fossil leptilcs 
Although andity seems to have pievailecl over much of the United 
States and ccntial Europe, there was abundant rainfall in some re¬ 
gions, notably north China and eastern Austialia, wlicie important 
coal fields he in the Penman locks 
The Permian Ice Age At tunes dm mg the Penman penod great 
areas in the southern continents were covered with ice sheets (Fig 
188) South Africa has the most spectacular evidence of glaciation, 
for there the ancient Dwyka tillite at the base of the Permian sequence 
includes large faceted boulders and rests upon the heavily scored and 
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polished flooi ovei which the ice moved (Piq 189) The ice cap 
covcied practically all of southern Africa up to at loasL latitude 22“ S 
and also spread to Madagascar (which was then pait of the conti¬ 
nent) There weie three or four centeis of movement, but the gieate&t 
seems to have been in the Tian&vaal, which then was a plateau from 
wliioli the lee moved southwestward for a distance of at least 700 
miles The tillitc reaches a thickness of less than 100 feet m the 
northeast but increnseh to 2000 feet lu souUiem Kaiioo Australia 
was likewise the scene of extensive and repeated glaciations, the ice 
apparently moving noithwaid acioss Tasmania, Victoiia, and New 
South Wales A senes of five sheets of tilhte is intei bedded in some 
2000 feet of Penman strata which have at least one horizon of com¬ 
mercial coal South Aineiica bears evidence of glaciation in Argen¬ 
tina and southeastern Biazil, even within 10“ of the equator In the 
northern hemisphere, peninsular India, within 20“ ol the cquatoi, 
was the chief scene of glaciation, with the ice flowing noith, in the 
Salt Range on the southern flank of the Himalayas the thick Talchir 
tilhte underlies the marine Penman 


A P COLEMAN 

Fig W Glaciated fiooi hmath the Duijka Hlkte mar Kmbeily^ South Affica 
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In the noithern land nias&es otliei than India, on the other hand, 
evidences ol glaciation aie vciy lestncted The only ceitain evidence 
in Noith America is a small deposit neat Boston, the Squantum tillitc, 
winch may be the result of a valley glacier from the using Appala¬ 
chians Striated bouldcis in conglomeiatcs have been found in the 
Pcimian bods in diffeient places in Alaska, but the proof of their 
glacial oiigin is not conclusive The same may be said of doubtful 
occuricnccs in England, Gciinany, south Russia, and cential Aliica 
It IS almost certain that the Permian icc age, like the iccent one of 
Pleistocene time, was a idatively biiet episode in a long geologic 
period The three widely spaced lepctitions of glacial beds in the 
thick Austiahan sequence may indicate rccuriing glaciation in that 
continent In any event, the mam glacial deposits are in each region 
confined to a limited horizon of the older Peimian locks The pres¬ 
ence ot large reptiles m the higher Pctmian icdbcds of South Afiica 
and of iiorthcin Russia would suggest a mild-temiiciate climate with¬ 
out fieezmg winters at the tunc when they lived 
The exact time of the ice age as difficult to jiiovc in any of the glaci¬ 
ated regions Possibly it was not the same m all the continents, 
though it would scorn more probable tliat such extensive icfngcration 
must have all'ccted the temperature of the whole woild at once It 
now appeals that the best-dated glaciation occiurcd before the middle 
of the period, but long after the beginning of Peiniian time 
The most lemarkablo fcatiuc of the Poiminn glaciation is its dis¬ 
tribution It was chiefly m the southern land masses and in legions 
which now lie within 20° to 35° of the equator This circumstance, 
more than any other, has made attractive the belief in “continental 
diift ” If the southern continents wcic united to Antaictica until 
after Peimian Lime, the glaciation may not have spread into low 
latitudes A later “drift" of these continents towaid the north would 
account, far moic easily than any other moans yet postulated, foi the 
present distribution of the glacial deposits But this piomise itself is 
still in the realm of speculation' 

Permian Life 

Decline of the Carboniferous Floras In the northern hemisphere 
the dominant types of Pennsylvanian jilants lived on into Permian 
time Lcpidodendrons, sigillarias, calainitcs, coidaites, and seed feins 
were the common forest types during the caily part of the penod 
These swamp-dwelling plants were ill adapted to the oncoming aridity 




YiLE ieahody museum 


Fi^ 190 A Feiimaii Ittndjitifit thowin^ chmacteinttc animals and plantt Fart 
of a p/at niiual hy Xudolph Zalhngti Plants 1, Coidattes, 2, Amtcaiiexylon, 
a contfeij 3, Lepidadendion, a scale tiee, 4, Waklna, a catiifei Animal! 5, Var- 
anssamut, a uptile, 6, Eiyopt, an ampiilnan, 7, Edafhi><ami\, S, Dime- 
trodmij 9, Sphenacodm, 10, Aiaiscelts Nnmhis 7 to 10 ate "fiii-hacks " 


and io ^Mnlei cold With the passing of the peinid, thriefnie, haulier 
stocks with leduced foliage evolyed, or came to the foio, as the Penn- 
syh'aiiian types dcolined (Fig 1901 By the close of the period the 
great scale trees weie almost extinct The cordnitcs wcic likewise 
nearly gone, having fiist given nse to the conifcis Seed fcins were 
rare aftei the close of the period, and the lacc died out in the Jniassio 
Tnie comfe'is rapidly sprang into the lead as the dominant type of 
woody tiees, while piimitivc cycadeoids (allies of the sago palm) fore¬ 
shadowed the expansion of higliei plants in the Mesozoic 
The Glossoptens Flora of the Glaciated Regions Tliioughout 
the southein hemisphere and in India, the Penman floras aie ohavac- 
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tonzcd by the small, hardy, tliick-lcavcd “lonftuc fcins,” Glossoptens 
and Gangamopteris Tlmsc had Kimplc, tongue-shaped leaves borne on 
creeping stolons oi lootstalks (Fig 191) They bore seeds, and were 
not feins but iclativcs oi the cycails Although they have been rc- 
gaided as a response to the harsh clnnale of the glaciated regions, it 
has been commonly supposed that they did not adually live under 
frigid conditions hut entered the glaciated regions 
during inlei glacial or postglacial ages ’■ RcconI, dis¬ 
covery of Glos'iopteris spores in the Lillite in both 
India and Australia, however, indicates that (7lo,s- 
soptens actually lived under glacial conditions “ 

By Middle Penman time some memhers of the 
flora had migrated as far as norfchcin Russia and 
the Altai Mountains of Siberia, hut none ever rcaedicd 
western Eurojic or Noith Amciica Along with the 
Glossoptenn flora thcic lived in the southern hemi¬ 
sphere many fei'iis, conifcis, cahumtes, etc , but 
none of the gieut scale trees After the passing of 
the glacial climates, however, both Lapulodemh on 
and Sigillaua succeeded in re-establishing them¬ 
selves to a limited extent during the lattci half of 
the ])enod 

Insects. Insects (Fig 192) were ahundant and 
exticincly vaiicd at this time, thougli larcly pie- 
servccl because ol their delicate structmo How- tlioPmwLDgwfgiip 
ever, a small locality ncai Elmo, Kansas, has fem,’’ (iloaaniunis 
yielded many thoufeands oi s])cciincns Irom a single jijieminte ckt 

thin bed in the Lowei Penman, and othci finds ovo/nou 
have been made in nearly eciuivalcnt beds m Okla¬ 
homa, in the Dunkaid scries in Ohio, in the Lower Penman of Russia, 
and in the Upper Penman of Australia. All these show great changes 
Irom the Pennsylvanian insect types Although a few were still large 
in the Eaily Penman, the majority wcic small and many were minute, 
showing thereby a striking contrast with tlio giants of the previous 
age Alorcover, many new oideis were now aiising, foicshadowmg 
the modern gumps Mayflies wcic coinmon, true dragonflies weie 
piesent, and in the Late Penman, beetles lived m Austiaha Cock¬ 
roaches pcisistecl, but then, as ever afteiwaicl, played a minor lolc 
in the insect world 

Sprawling Reptiles and Labynnthodonts Even in the scimarid 
regions the old labynnthodonts clung to the stream courses with sur- 
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prising success Thoir heavily aimored skulls arc locally abundant in 
old slicam-clianncl deposits in the ledbeds of Texas and Oklahoma 



Yale Peabodjf Mustum 


Fig 102 A piimitive iiwoot, Dimhwla faicnpetima, fioni the Eaily Peiiiimii beds neai 
Elmo, Kansas, pieserving the ooloi pattern ot the wmgs About times natural size 
Photograph not retouched 


and in the fluvial deposits uf Germany and Smith Afiica Nearly all 
of them had broad heads, think bodies, and shoit, feeble legs As 
Huxley once said, they “pottcied with much belly and little leg, like 



Fig 193 A chaiactei istic Permian labyiinthodout, Erynps mcoaloccphalub Aftei a 
model by Dwight Fiaiiklin Lowei Peimian of Texas LengUi of thus spooios, about 6 feet 


Falstaff in his old age” (Fig 193) Piobably none exceeded a length 
of 10 feet 

Reptileii mcieased greatly in vaiiety during the Peimian The older 











the PERMIAN PERIOD, A CRLSIK IN EARTH HISTORY 


303 


forms arc known clucfly troin Uic rcdbcclb of Texas and Oklahoma, 
where conditions ol preservation happened to be g,ood, wlicieas the 
latei kinds come from South Afiica, India, noithoin Russia, and 
Biazil Bclorc the close of tlic iieruid tiiey had undoubtedly mas¬ 
tered all the lands, and some even reverted to acpuitic life, both in the 
iiveis and in the sea 

The gieat range of speeialiKatum whieli the Peimiau leptilcs display 
(Fig 194) cmphasiKCH the lapidity of then evolution Most of them 



Pia 101 C’h.ii.u'tuuMtK Pi'itiiian ii'pl lies T,()\vpi okIiL,/. imfinscchf, fioinNowMoxiot), 
lowei left, Dirndmilon, tlio (lu-badv hiiiid. tiom Ti'x.is, nppui iiuhl, Vuranoiis, lioni 
Texas, uppei loft, Etulolhiodon, fioin South Afiioa 


had long bodies, long tails, and short legs While some were agile 
and lizarcl-like (Vai'anops), others wcie sluggish and seiniaquatic like 
alligators {Limnoscelin), and yet others wmre tluck-bodied and had 
stubby tails and short, thick legs Many had sharp holding tooth and 
were ccitainly caimvorous, some had blunt toctli adapted to crushing 
shelled molluscs oi crustaceans, and others, with toothless jaws like 
those of turtles, may have been herbivorous (Endothiodon) They 
had already deployed into sevcial orders, but none of these corresponds 
to any of the living groups Two features the Permian reptiles pos¬ 
sessed m common (1) none was very large, 8 or 10 feet being a maxi¬ 
mum length, (2) all wcie four-lcggcd creatures and most of Llioin 
sprawled (Fig 194). 

The most bizaire of them all were the "fin-backs,” so called because 
of their greatly extended neural spines The reason for such extraor- 
dinaiy specialization is entirely problematical 
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Fai greater significance attaches to a group of stout-bodied flesh- 
eating leptiles known as thenodonts, which foieshaclow the coming of 
the mammals These are known chiefly fiom the middle Karroo foiin- 
ation (Upper Peimian and Tnassicl in South Africa Unlike othei 
reptiles, they had teeth differentiated into incisors, canines, and molars 
as do the mammals Moreover, they eairicd their bodies off the 
ground instead of sprawling Numerous details of skull and laws con- 
fiim their ancestral relation to the mammals, though all of them were 
still loptiles (Tig 207) 

Specializations and Extinctions among the Marine Inverte¬ 
brates The marine invertebrates of the Permian evolved gradually 
out of the Pennsylvanian faunas As some gioups advanced steadily 
into progicssive types, othcis assumed extravagant specializations 
which led shortly to then extinction, yet othcis, aheady on the de¬ 
cline, giachially died out 

The cep/iaiopod6 (PI 11, figs 5-9) showed the most significant gams, 
as goniatites with more and moie complex sutincs gave use to typical 
ammonites The rapid evolution of this group foreshadowed tlitnr 
spectaciilai rise to dominance among the marine invertebrates of the 
next 01 a 

“The Penman was the Ooldcn Age foi the anmionids Almost all 
the geneia were blanching out in Amnous diiections and almost any¬ 
thing (in the way of evolution) was possible for them Thcie is no 
foiewarning, as yet, ol the many tragedies of extinction, ieversion, 
and degeneration that cloud the later history of this prolific group 
Thus the foishears of all the stately and beautiful geneia of the 
Tiiassic may be seen m the simple and unpretentious forms of the 
Permian ” “ 

Pelecypods and gastropods progressed steadily but more conseiva- 
tively Among the brachiopods (PI 12), which generally make up the 
bulk of the faunas, the pioductids lemained the dominant group, while 
seveial new genera, giowing fast to the bottom, developed into most 
extiaoichnaiy types, and some of them even giew conical shells mim¬ 
icking corals (PI 12, fig 11) Before the close of the period, howevci, 
all the pioductids and most of the other gioups of biachiopods died 
out The fusulmes (PI H, figs 1-4) continued as important rock 
makeis and attained their maximum size near the close of the peiiod, 
though none survived the end of it The inlobites, alicady neaily 
extinct, died out, as did all the honeycomb corals and the tetiacorals, 
likewise most of the gioups of crinoids, all the blastoids, and two of 
the oiders of biyozoa 
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Piute 11 Poiinmii Fusiilnuds (1-4), luifl Amiiionilo.s (5-9) 

Pig 1, PseudosLhwaQerina uddom, 2, onlaiged scrtioii of aamo, 3, Parafu&ulina word^ 
ewsis, 3a, enlaiged aoptioii of same, 4, inodol of poilion of a shell showing septa, 5, b, 
MedVicoLiia whiineyi (lateial and edge views), 7, Ga^t^iodras roadansc, 8, ^aaocnoceTaa 
dxenen, 9, Perriniien vidriensxa All natural size except 2 and 4 Drawn by L S. Douglass 
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Plate 12 Peiiman Biachiopocla 

Figs 1, 2, Parentchtcs latesiniiatu&, 3, 4, Aulosleges mcdhcollianus, 5, Homdoma horrvda, 

6 , Scacchxnella giganica (with, bieah in conical voniial valve showing inteinal septa), 

7, 8, Dielas?na a/igulatum, 9, Bustedia meehana, 10, Ltplodus americanus (showing skele¬ 
tonized dorsal valve and coiresponding flanges in siioon-shaped vential valve), 11, Pro- 
richlhofcma permiana (two specimens in position of growth, that at the left bioken at the 
front maigm to show the opeiculifoim dorsal valve on its seat below the ovei arching spines, 
the dorsal valve also broken) All natmal myo Hiawn hv fi ‘nrmo’lpfiq 



TIIIl PKliMlAX PKUIUl), A ('HlSlh IN IvVHTll HISTORY 30'i 

Partly "1 (liftcicncc'' l)cl\M‘i‘n tlu' L^lo Pulaozoic 

and Tziasbir Ilk' iil tlu> m'jis, and itiii’ll.\ lnraii^i' in mnnv H'fi,ii)n,s (Ck'i- 
inany and lUi'-sia ("'licoiallj 1 flic I’ciiitiuii Kicks Imic hmifcd faunas, 
the luibcjunocpfiiiii lias ariscu Hail flic I’ciimau was a tinio nl gieat 
organic I'cslnclii111 and (iial llu' nccaiis may llicii liaM' coufaincd vcla- 
tively few kinds <il htc Sucli is, lio\\c\ci, liu finni tlu' Lmlh Mnic 
species tiU' now kill i\\ u (I'oiii i’ciiiiian (liaii Inuii Pciiiisylvauiaii rocks 
The ncli iiiariiK' Pcnuiaii iauiias of (lie Mast Indies. cspcciallY on Liie 
island ol Tnnoi, confaiii nnl li-ss (haii (idO species in ‘dSn 5;en('iii, and in 
the Salt Hanf!,e (Jhinjald of India llierc are .‘I'df) loiins. SontliuesLciii 
Texas lias in its I’cruiuui locks iimhalilv nioi'c (iian oOO species 

This was a time ol lapid ('voliitioii, nieal specialisation, and con- 
atant change The net, ic'siiU. was Hie ilisaiipeaianei' ol iiiaiiy of tlic 
cliaractciibtic giouiis id' the I’alcozuic lile, hnl the change was oulerly 
and gradual, not calaclysime 

(ioNllWANA. IjVND IkUllOKS 

The living annuals and plant,s of Uie island of kladaftascar show 
so many lesenihlanees to those id Ahica tlial, a loniiei land connec¬ 
tion IS generally i ecogiuzc'd Siuiilar lainial and lloial evidence in 
sonic of Llie Paleo/,oic and Mesozoic, fnimat,ions ol India, Aiiica, Boutli 
Aiuciica, and Anlai'clica stioiigly indicates Uiul these lands also have 
been coniiccled A sinking iiiskmce is the (/to,s,s'o/)/cn,s Horn, which is 
cliiniicR'iisiio of the I’c'cmiaa of I,lie soiiiliern liemisplii'ie and oceans 
ivitli little change in each <d the land innssc.s iiiciiLioiu'd uliovc Since 
those plants aic eiiLirely unknown in Noith America, they could have 
leachcd hotli Afnca and South Anioiica only hy some soutlicni route 
To explain such fact.s some geo]ogisl,s have invoked tlie theory of con¬ 
tinental drift, behc'cing that Ihc cuuUneiiks W'cic originally together 
and have since migrated apait, licit most geologists now think it moie 
piobablc that the coiitineuLs have leinamcd fixed, the lormei connec¬ 
tions having been nairow land budges such as that wdiich now unites 
North and South Aineiiea^ 

On the assumption (now disci edited) that South America, Afnca, 
and pcninsuhii India were once broadly connecled to fonn a great 
transvcise continent, this hypothetical land mass was called Gond- 
wanalaml Those wlio lielieved in sueh a land assumed that the conti¬ 
nents w'cro eventually scparatcrl liy a lireakdown of the areas which 
nmv foim the southcin Atlantic and Indian oceans Tins, however, 
involves the sciious difficulty of explaining how such vast aieas of 
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the crust could have increased in density until they settled to the level 
of ocean basins—a difficulty that is greatly lessened if we assume 
the connections to have been merely slender isthinuscs or island arcs 
Land bridges between the southern continents appeal to have existed 
fiom caily Paleozoic time till the middle ot the Mesozoic, and then to 
have begun to bieak clown 
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IV. THE MESOZOIC WORLD 

Chapter 14 

THE TRIASSIC PERIOD 

The Mesozoic Era After the close of the Paleozoic era leptilcs 
came into then own Dinosauis soon possessed the lands, while sea 
inonsteis splashed and slithoicd through the waves, and winged dra¬ 
gons took to the skies Fouiteen distinct ordeis of reptiles then 
tliiived (theie aie but foui in the modem world), and for more than 
a hundred million ycais they held undisputed sway, bcioic then 
dynasty suddenly collapsed 

To the foundeis of geology who named this the Mesozoic eia (Gi 
mesos, middle, -f- zoon,, life) this seemed to be the middle ol the span 
of life on the Eaith, but we now know that icckoning to be wrong 
We have already passed in icvicw far moie than half of the histoiy 
of the Earth and of life 

The Tnassic Period In Great Britain, where so many of the 
geologic systems were named, the Coal Measures aie overlain by a 
thick sequence of icdbcds At hist these were called the New Bed 
sandstone, m contradistinction to the Old Red which lay below the 
Carboniferous In Britain they foim a lithologic unit, but in Germany 
a threefold division seemed natuial because a gray maiine formation 
(Muschelkalk) is present m the middle, separating the lower redbeds 
(Buntei) from the overlying nonmarme beds (Kcupci and Rhsetic) 
It was for this reason that the German geologist Alberti in 1834 gave 
the system the name Tnas (L triad, three) 

Of couisc, such a thieefold lithologic subdivision is not character¬ 
istic of the system generally, and modern usage would call for a 
geographic lathcr than a descriptive name, but Tnassic is now so 
deeply intrenched that no useful purpose would be gained by trying to 
change it This system represents the first period of the Mesozoic 
era 
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Fig WA (lift) Eiidy Tftassjc paleogeog- 
tdphy Nomriaftne ihpostt:, chiefly ledheds, 
die maihd by houi^ontal bhick hnet 
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Physical PIihtory of Noh'i-h America 

N'ev'dik Fault Ttovghs of the East 

Aftei the Appalacliiiin lovolution the eastern half nf Noith Aracr- 
lea, including the piosent continental shelf, was hilly omeigent Im 
two long geologic pciiods Eiosum was in jiiogicss thioughoul the 
whole icgion duiing Early Tnassic time, as the A]ipalachian Aloun 



Fig 1<36 Map showing tho position of tho chief aicas occupied liy the Nowaik group 
Aftoi I C RussoU, U S Gcolognal Bui voy 


tains weie being reduced and the debris tianspoitod beyond the pres¬ 
ent margins of the continent (Fig 195) For the fii&t half of tho 
peiiocl theie is no rccoid save that of dcstiuction of the older rocks 
by erosion Then, as though the compres&ivc sti esses had relaxed, 
the axis of the Appalachian chain began to be liven by great normal 
faults that pioduced a nauow chain of block moimtams boidcied by 
downfaultecl Lioughs (Fig 196) The height and extent of the new 
block mountains are conjectural, but the structural troughs, which 
were filled as they sank, still letain a rich iccorcl of the time The 
noitlicininost basin lies in Nova Scotia, and others arc chstiibuted 
southwaid into North Carolina, a distance of about 1000 miles (Fig 
195C) The Tiiassic strata foimcd in these troughs have been named 
the NewaiL gioup for the exposuies near Newaik, New Jeisey, where 
they piobably exceed 20,000 feet in thickness, and the stiuctural 
troughs ai'e known as the Ncwaik basins 
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The Connecticut Trough as a Type. The Tnassic trough of cen- 
tial Connecticut stands near the middle ot this chain of basins and 
will serve well for fuithei desciiption It extends northward fioin 

New Haven acioss Connecticut 



■ / 


A Mountains at the beginning ol Tnassie lime 



/ 
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B MId-TrlassIc peneplane an which deposition bepon 



C The dose of depoailion In the ConneclleuI feull treueh 



n Bloch^thDunlpIns formed by the Palisade disturbonce 


Ftg 197 Four stages m the development 
of the Tiiassio basin of eeiitiul Connecticut 
View noithwaid Lengtli of sections, about 
30 miles Modified fiom J Ban ell 

Block A shows the complex stiuctuio and 
rugged topography inheiited fiom the Appa¬ 
lachian 1 evolution, block B shows the begin¬ 
ning of Newark deposition aftei the region 
was laigely peneplaned, block C shows the 
Newaik fault tiougli fully developed through 
subsidence along the great fault, block D 
shows the final stage with the Newark de¬ 
posits complexly faulted duiing the Palisade 
disturbance The modem structuie of the 
region dates fiom this tune Tiiassic stiata 
stippled 

debouched from the highlands to the 


and most ot Massachusetts, its 
length being nearly 100 miles 
and its greatest bieadth about 
25 miles 

The Tnassic bed.s dip east¬ 
ward at angles of 15° to 30° 
against a gieat fault that 
bounds the basin on the east 
and must have a inaxiinuin 
thiow of about 3 miles (Fig 
197) 

The Tnassic locks of the basin 
are eonglomciates, sandstones, 
siltstones, and shales, with in- 
terbedded flows of daik (basic) 
lava Perhaps half of the sedi¬ 
ments aic giay, but the most 
prominently exposed bods are 
led, and these commonly give 
the impression that the whole 
gioup consists of icdbeds 

The sediments are pooily 
sorted and iircgulaily bedded, 
sandstones grading laterally into 
siltstones oi conglomeiate All 
the coaise deposits aie aikosic, 
and much of the feklspai is le- 
markably ficsh The conglomer¬ 
ates are thickest and coaisest 
along the eastcin margin of the 
basin and cleaily icpresent fans 
built where torrential streams 
east In Connecticut the Ncwaik 


gioup has an estimated thickness of 10,000 to 13,000 feet, and in New 
.Jersey it may reach moic than 20,000 feet, but it diminishes to 2000 


01 3000 feet in the southern basins 
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The associaled igneous rocks take the form of flows, sills, and 
dikes They aie mosLly daik and finc-giained and aio commonly 
identified as tiap, but the larger sills have the textuie of dolente 
The laigest of these igneous bodies aie flow sheets, thieo in number, 
which he in the middle pait of the series, each sepaiatcd fiom the 
next by several bundled feet of scdinientaiy beds (Fig 1970 The 
middle one ol these reaches a thickness of about 500 feet and foims 
conspicuous ridges, such as the Hanging Hills ot Meriden and Salton- 
stall Ridge That each of these was a suifacc flow is clcaily shown 
by the facts that (1) its upper suifacc is coarsely amygdaloidal and 
(2) the overlying sedimentary beds contain fiagments ot the scoii- 
aceouE lava but show no effect of heat as does the floor under the 
lava These flows were lemaikably free of explosive violence, for 
ash and bombs aie known m only one small area near the Holyoke 
Range in Massachusetts The lava must have been veiy fluid to 
spread in such flat and extensive sheets Gicat numbers of dikes cut 
the uiidci lying stiata 

The middle thud of the Newaik gionp, associated with the lava 
flows, IS geiicially finei-giained than tlie lower and upper pait, and is 
predoiiiinantly dark giay in coloi, whcicas tlic iiighcr and lowci beds 
are chiefly red 

No maiiiie lossils have been found anywhcic m the Newark group, 
but land plants and fiesli-water fishes are locally abundant in the 
daikci giay beds, and dinosaur tiacks in the redbeds aic moie plenti¬ 
ful than anywheic else in the woild Ripple maiks aie common, and 
mud Clacks co\ei many ot the bedding planes The impiiiits of Tri- 
assic lamdiops are m many places associated with the footpiints and 
mud Clacks (Fig 198) 

With those facts in mind, it is not difficult to icconstuict the events 
tliat transpiicd heic during the latter part of Triassic tunc (Fig 197) 
The Connecticut basin was then a fault trough similar to the Califoi- 
iiia tiougli winch now lies between the Coast Ranges and the Sierra 
Nevada A langc of block mountains bordered it on the east, with a 
lault scaip facing the basin Repeated movement along the great 
fault depressed the basin and elevated the mountains Meanwhile the 
sti earns which i cached the basin fiom the uplands dropped most of 
their sediment here, building fans along the eastern bolder and fluvial 
deposits over the flooi of the basin Before the igneous activity began, 
the basin was veil drained by tliiough-flowing stieains, and niueli of 
the mud was earned away, while gravel, sand, and silt were chouped 
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Tlie uplands must have had ploiiliful rainfall to develop such a 
quantity oi led mantle as is repiesented in these scdiiucnts, but the 
lams weie piobably seasonal Thus the mud that spread over the 
floodplains during, wet seasons lay exposed to the sun duimg the diy 
months Dinosauis crossed and rccrosscd, leaving their tracks in the 
mud The last spatter of passing showers also left imprints of rain¬ 
drops where the mud was exposed and still soft Duiing the dry sea- 



Fia IBS Slab of Tnaasio aancKlone fiom Tuinois Falls, MaisaoliusoUs, showing iin- 
pnnts of lamdiops and tiacks of two dinosauis Tho tugei tiacks woie made bofoie the 
last lainfcill, the Binalloi ones afteiwaid 


son the mud shiaiik and developed mud ciacks and then was sun¬ 
baked and haidcncd, so that it could hold these surface fcatincs until 
they veic bulled by a new layer of sediment and preserved 
Where the diainage was good and the giound water not close to the 
surface, the iron-staincd sediments remained led Aftci the fiist lava 
flow, however, the diamage was imponded, and for a considerable 
time swampy conditions obtained over much of the lowland, duimg 
that time vegetation accumulated wntli the soilimcnts and in its decay 
reduced the non oxide, producing gray or daik colors Riich conditions 
held until aftei the last flow, and then, with better diainage, redbeds 
again accumulated over the basin 

Other Newark Basins. The geology of the othci Tiiassic fault 
tiouglis IS, in general, like that sketched above In the Acadian area 
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the sediments aie predominantly red, and theic is a large trap sheet, 
but apparently only one The dip heie is northwest, and the hounding 
fault IS on the west side (Tig 196) In the New Yoik-Virginia and 
Danville aicas also the dip is westwaid, wheieas in the Deep River 
and Wadesboio aicas it is to the cast As we follow the basins south- 
waid from Connecticut, an iinpoitant change is seen in the characicr 
of the sediments, since more and inoic of the sandstones and shales 
are grccnish-giay instead of led Finally, in the Danville area, thcie 
are mterbedded coals which locally reach a thiekncss of 26 feet This 



Fio 19Q Idealized section suggesting tlio piobable stnirtuial rolntions of the Tnassu’ 
ba&in of Conneotiout and that of Ponnsvlvnnia and New Jorsev Tlie western pait of 
the section follows tlio line of latitude 40° 50' and is about 50 miles south of ttie line of the 
heotion in Connecticut Moiouvei, a section about 35 miles long is omitted in the centui 
Ill Connecticut the Tnassic stiata dip oastwaid towaicl a gieat fault, and in New .Jeisoy 
and Pennsylvania they dip wostwaid against anotliei gieat iault As licio intoipietod, 
those basins vveio on opposite sicleK of a gteat low arch It is not ceitnin that the Tiiassio 
sediments evei extended entuoly acioss the aich Tuassic sandstone, dotted, tiap loolc, 
black, old metamoiphic locks, wavy hues or ciossos Aftoi C R LongweU 

may imply that the rainfall was moie evenly distiibutod Lhrough the 
ycai in the southern basins, or that it was gieater, or that the basins 
were not so well diained 

In the New Yoik-New Jersey aiea, as in Connecticut, tliere arc 
three great flow's which may indicate equivalent peiiods of ciuption 
in the two troughs (Fig 199) Likewise thcic is a tluck sill near the 
base of the group whose eioclcd maigin now foims the Palisades of the 
Hudson River from New York City northwaid for a distance of nearly 
50 miles A low gieat dikes w'hich cut across the margins of the aioa 
and extend out into the olclei locks of the piedmont in southeastern 
Pennsylvania and ccntial Maryland suggest that the volcanic activity 
was not confined to the structural tiouglis, but foi the most part the 
Tnassic volcanics are preseived only in the basins whose subsidence 
protected them horn later eiosion 

Age o£ the Newark Group. The fishes and plants of the Newaik 
beds indicate that the entire group belongs to the later half of Tuassic 
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time In other words, at least half a period had elapsed after the fold¬ 
ing of the Appalachians bofoie the Newark basins began to form, and 
to tiap sediments Hcicin lies the explanation of the remaikable im- 
contoiinity at the base of the Triassic Wherevci the basal contact 
has been seen, the Ncwaik beds icst upon a suiface of slight relief 
which cuts across the complex stiuctuics of the Paleozoic and older 
rocks In Nova Scotia truncated folds ol Pennsylvanian and olclci 
strata arc overlain by the Triassic In eastern Pennsylvania the 
stinngly ciumplcd Ordovician hincstones aie in contact with the gently 
tilted ledbeds in places whcie all the lalci Paleozoic rocks had been 
removed before the beginning of Newark deposition In shoit, the 
Appalachian folds had been voin clown and the icgion at least pai- 
tially pencplancd during the late Pcimian and the cailier half ot the 
Tiiassic 

The And Coidilleian Bcmn 

Triassic locks aio widely distributed thiough the Rocky Mountain 
region from Idaho and Wyoming southwaid acioss Utah, Colorado, 
Arizona, New Mexico, and westein Texas This is the gieatcst aiea 
of continental Tiiassic deposits m Noith America Hcic continental 
ledbods piedommatc, though luaiino members of the nldci Tiiassic 
intorfingei from the west BiigliL red oi maiooii shales and cross- 
bedded red sandstones make colorful landscapes like the “Painted 
Desert” of Arizona and the “Great Red Valley” m the rim of the 
Black Hills 

The iiiaxnnum thickness of these rodbeds is found m the western 
pait of the icgion, where, in southwestern Utah and noithwcstcrn 
Arizona, it amounts to 3000 to 4000 feet (see Fig 200), and in gen¬ 
eral the system thins out to scveial hundred feet towaid the east m 
Coloiado and Wyoming Beds of gypsum occur at vaiious horizons 
m the red shales, especially m the eastern and northeastein paits of 
the region There is also consideiablc volcanic ash in the redbeds of 
Arizona and Utah hluch of the dctiital sediment came fiom the old 
ciystallme uplifts of the Coloiado Mountains in Coloiado and nuith- 
ein New Mexico, for the Tiiassic formations become coarser-giamed 
ton aid legions like the Unconipahgic Plateau (westein Coloiado), 
wheic they overlap against the ancient granites 

Tluoughout the Coloiado Plateau a twofold division is gcneially 
recognizable The lonci poition, known as the Moenkopi {mo' en- 
kd pe), IS gcneially a soft formation of sandy shale and siltstonc 
with local thm beds of salt and thicker ones of gypsum, it is mostly 
watei-laid and rathei evenly bedded. It grades westward into defi- 
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F<| 200 West Temple of the Viiffti, Zmi Natwial Vatk, Utah A 4000-Joat 
wall of Tnasstc attil Jitmuic loeh cawed out of the Coleiado Plateau by the Rio 
Vnpn Tieaesii locks extend up to the ha\e of the Navajo sanchtone The lanch 
hoteicI at the bottom indicate the rcale Foi legional telattont, see Tip^ 416 


nitply marine bods and finally into limestones m Nevada, but toward 
the east becomes a bns>ht rod slnilo and mchides iiiueli sand In west¬ 
ern Aiizoua it IS a vailegated furmatiou with mterbedded led and 
giay shales and siltstoncs 

The uppci series, known as the Chirde {clim iee'l, is nioic sandy 
and genoially more biilliaiilly coloicd, vaiying from white tluough 
leds, yellows, and blues It icsts with an erosional unconfumiity on 
the Moenkopi over the eastern pait of the plateau region, and there 
has a striking basal congloiiicratc, the Shmaraiup {i,Ju no,' lump) 

(Fig 200) 

Fossils are extremely larc througlmnl the icdlieds IVith the excep¬ 
tion ol those found in certain thin marine members that finger into the 
Moenkopi fiom the west, the only known fossils aio remains ot tracks 
of tencstiial or fiesh-water animals, and petiified wood River clams 
occur heie and thcic, and at ceitam horizons theie aie “bono bods” 




JOSEP MUENCII 

Ftg 201 Chink fumattm shtmng mntgatti color and abmidanci of fossil wood 
Petrified Forest Katmial Monument, Antpna 


of veitebrate remains These weie partly lahyiintliodonis (am¬ 
phibia), but mainly lepliles of ciocodilc-likc foiin anil habits (phy- 
tosauis), all of which inhabited the stioam ehaiincls of the time Pet- 
iified wood is abundant locally in the Chinle sands, as at Potiificd 
Forest, Arizona (Fig 201) The fossils, like the physical features ot 
the lucks, therefore indicate that the ledbeds were fur the most pait, 
at least, deposited above scalcvcl The gypsum that is so consiiicuous 
m Wyoming may, howcvci, lepresent evaporation in lagoons where 
the maiine waters spicad temporarily eastward fiom Idaho and 
Nevada The Aloenkopi wms deposited over a vast low alluvial plain, 
sloping westward from the Coloiado Mountains to the margin of a 
shallow epeiric sea, whose shore fluctuated back and foith over the 
western pait of Aiizona and Utah The Chinle was moic completely 
independent of the sea and was spread by sluggish stieams ovci a 
bioad scimaiid basin with seasonal lainfall, locally theie weie swamps 
and hliallow lakes, whcieas the higher giuund suirounding the basins 
had scattcicd stands of coiiifeis In the western lands there were 
explosive Volcanoes, shedding ash far about 

The Cahfoinian Sea and the Manne Trmi, of the West 

During Tnassic time the Pacific Coast goosynclme appeared mside 
the margin of the continent, its axis running parallel to the present 
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Pacific Coast fioiu California to Alaska It was not, liowcvoi, so 
extensive in caily Tiiassic tune as it was fioni tlic middle of the period 
until well into the Cictaceous, when it was one of the major features 
of the continent and was icpcateilly flooded by niaiine wateis It 
appears to have been separated from time to time into two cmliay- 
mciiLs by a positive area in tlie latitude of Oicgon and AVashiugton 
In this event, it is convenient to distinguish the Calijoimav <Se(i m the 
United States and the Columbinn Sea in British Columbia and Alaska 
West of the geosyncline lay island borderlands of unknown extent 
(Fig 195) 

In California, Tiiassic foiinations, ncaily all of maiinc origin, attain 
a thickness of 4000 feet or more and piescnt a sequence of deposits and 
faunas that compaie favorably with those m most parts of the woild 
The greatest known section, however, is in south-contial Nevada, 
where Tiiassic foimations cxoccd 25,000 feet in thickness IIcic the 
Lower Tiiassic, some 3000 feet thick, consists of shales and sand¬ 
stone; the Middle Tiiassic, about 12,000 feet thick, contains mostly 
volcanics with a small percentage of iiitcibedded sediments, and the 
Uppei Tiiassic, more than 10,000 feet thick, is made up chiefly of lime¬ 
stone and limy shale, with minor amounts of mterbedded volcanics 

In Califoiiiia and British Columbia the post-Triassic disturbances 
have so clefoimecl these rocks that their aioal relations arc not well 
known 

Dunng early Tiiassic time the marine waters spread eastward fioin 
the Californian tiough acinss Nevada and southern Idaho, where lime¬ 
stones and giay shales with abundant ammonites inleifingei with the 
ledbeds of the Cordilleran basin An aim of this sea extended far 
noith into Canada along the boideihne between Albeita and British 
Columbia (Fig f95A). Shallow arms of it may liavo spread tempo¬ 
rarily as far east as the Black Hills of South Dakota to form the 
gypsum of the red Speaifisli shales However, no marine fossils are 
known east of western Wyoming 

Duiing middle and late Triassic time marine water was restiicted 
more definitely to the Pacific Coast geosyncline and did not spread 
cast of Nevada (Fig 195S, C) 

The Columbian Sea made its appealance in middle Triassic time, 
and it scorns to have been studded with active volcanoes thioughout 
the latei part of the period In the region of Vancouver Island and 
the Queen Chailotte Islands the Upper Triassic alone lias a thickness 
of 13,000 feet, but of this more than ninc-tcnths consists of submarine 
eruptives—lava flows, volcanic breccia, and tuffs With these aie 
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inter bedded zones of shale and quartzite having, marine fossils. The 
sedinientaiy rocks aie gencially thin oi lacking, in the oafetern part 
of the geosyncline but thicken westward, one such foimation on Van¬ 
couver Island having a tliickness ol 2500 feet 
Other volcanics of great thickness in western Nevada, northeastern 
Oiegon, and west-central Idaho, originally tliougliL to bo Triassic, arc 
now known to be largely Penman (see p 285) 

In Alaska, the Triassic is represented by thick formations of lime¬ 
stone capped by an extensive black shale 

Palisade Disturbance and the Close of the Peiiod 

In the Appalachian region, faulting oceancd iciicatedly along a few 
great rifts, but the Newark group, with its inter bedded lavas, accumu¬ 
lated with no more distuibanco tlian a very slight eastward tilt duo to 
the unequal depression of the floor 

At the close ot the period, hmvever, general uplift began, accom¬ 
panied by complex normal faulting that tilted the Triassic beds more 
steeply and biokc them into innumerable fault blocks as suggested in 
Fig 197D Subsequent erosion has beveled these tilted blocks and 
etched out the icsistanb trap sheets into the prominent iidges of today, 
such as the Palisades of New York, the Hanging Hills ol Mciidcn in 
Connecticut, and the Holyoke Haiigc iii Massachusetts All the struc¬ 
tures involved, however, date from the faulting at the close of the 
Triassic, an orogeny known as the Palisade distuibance TIic regional 
uplift that aceompaniocl the faulting brought an end to deposition m 
eastern North America until after Jurassic tune 

It is worthy of note that, although the Palisade disturbance followed 
the axis of the Appalachian system, the forces iiiAmlvcd, as well as the 
structures produced, Avere almost the antithesis oi those of tlie earlier 
deformation The foiccs of hoiizontal compression that made the 
Appalachians had apparently relaxed, to give way to normal faulting 
and hi oad uplift 

In the Ave&teiii part of the continent, it is infcried that thcic Avas 
general emergence, since latest Tiiassic and most of early Jurassic 
time are not lepresontcd there, but no pronounced distuibanco is 
known 

Triassic History op Other Countries 

In a geneial view of the Earth, one of the most iciiiaikable features 
of the Tilassie is the almost universally oinergent condition oi the 
continents, and the extensive spread of nonmarmc deposits, laigely 
redbeds 
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In South Afncn, nonmarine formalions of gicat thickness (uppci 
Kaiioo) are ovcilain by volcanics and shot through with basic intiu- 
sions of exLi aoi binary magnitude (Diakcnsbeig volcanics) The 
lowei part of the senes includes gray sandstones, siltsLoncs, and shales 
with thin beds ol C'oal and abundant plant remains, but the middle 
pait consists of thick icdbcds with mud ciacks and a I'ory intcicsting 
reptilian fauna Oveilying the ledbcds come puroi, wind-blown sands 
vaiying in thickness up to 800 feet The succession of lounations is 
interpieted to imply a growing aridity that icsultcd in desert condi¬ 
tions over a considciahlc aica m South Afnca befoic the close of the 
Tiiassic^ The basic igneous locks intiudcd into this senes have a 
present area of fully 220,000 square miles, and, befoic then ciosion, 
coveiccl at least 330,000 squaie miles in a gieat belt between latitudes 
26° and 33° S that extended fiom the east coast probably to the 
Atlantic AVith a volume estimated as between 50,000 and 100,000 
cubic miles, this consliiutes one of the gicatcst known masses of basic 
intrusives The tunc of its intrusion is either late Triassic or more 
probably early Jurassic 

The Peiiiiian basin west of the Uials in the USSR also includes 
a vast area of icdbcds (upjici jiart of the Tataiian senes) that have 
yielded stiikmg vcitcbiate fossils 

In the Paiami basin of southcin Biazd, late Tnassic redbeds with 
reptiles similai to those of Afnca aic also overlmn by cnonnous lava 
floi\s which still cover an aica of some 300,000 square miles to a depth 
langing fiom 400 to 2000 feet- These lavas, like those of South 
Afiica, may be dated as either late Tnassic or eaily Jinassic 

In England, Gcimnnij, and Fiance, the Tnassic is rcpicscnted 
chiefly by icdbcds of noninarino ongm In Fiance these aic salt- 
beaiing, and those in Gcimany have gypsum On the othci hand, 
southcin Europe was covered by a vast cpciiic sea in the Tcthyan 
geosyncline, which continued castwaid thiuugh the Himalayan region 
and thence southwaid into the East Indian aic Thioughout this vast 
area, Lheie is a fine development of maiino Tnassic, ulncli is now'horc 
better displayed than in the dolomite peaks of the Tyiolcan Alps 
The dolomites of the South Tyiol aic m places over 3000 feet thick 
and were almost wholly built liy inaiinc icef-niaking algm 


Climate 

We have noted the evidence of widcspiead aridity ra North Ainei- 
ica, South Ameiica, South Africa, and western Euiopc On the whole, 
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and or seraiand climate seems to have been rcmaikably widespread 
dm mg the Tnassic Peihaps this was paitly due to the size of the 
emergent land masscSj since the inLeriois of the continents, dependent 
foi their moistdie upon evaporation from the seas, include the chief 
deserts of the woild At the same time, paits of the Tnassic lands 
weie well wateied, just as parts of the picsent continents arc humid 

In view of the widespread Penman glaciation, it is notcwoithy that 
no glacial deposits have been found m the Tnassic locks The tem¬ 
perature had become mild long before the close of the Permian in 
places wheie glacieis had existed bcfoie This wc may infci fioin the 
distribution of late Permian and Tnassic veitcbiatcs, all of which 
were cold-blooded, that is, without a device to keep their bodily 
waimth above that of then cnviionment Modem leptilcs and am¬ 
phibia, without exception, become torpid and helpless when the tem¬ 
perature diops to near freezing Small species may take lefuge in 
holes and hibernate, but all laigc species arc confined to legions with¬ 
out fiost Foi example, the alligators and ciocodiles, the gicat land 
tortoises, the large lizards and boas, all live in the tropics or sub¬ 
tropics It is thciefoic highly probable that the dmosnms as well as 
the sprawling reptiles and the large labynnthodonLs of llic Tnassic 
could not cnduic ficczing weather Before the close of the period, 
corals had rc-establislicd themselves and were making small reefs in 
the seaways along the Pacific coast of America as far north as Alaska 
However, since these are of few kinds and the iccfs aic small, it is 
probably not safe to infei that the water was subtropical so far north 

Life of Tkiassic Time 

Land Plants. The plants of this time are still imperfectly known, 
for less than 400 species have been described fiom all the world, and 
these are chiefly from the Uppei Tnassic foimations Tins situation 
may be due to an actual impoverishment of plant life because of the 
harsh climates, but it moie piobably lesults from the fact that ledbeds 
are a pool enviionmcnt for the preservation of plants 

In America we get two glimpses of the Tnassic floia, one in the 
foliage pieseived in the dark shales of the Newark group, particularly 

* Tnassic oi Juia-Tiia&hic Lillitcs ,iie lepoited m cqiiatoiial Afiica west of Lake 
Tanganyika The tillilos occui m the Lubilache foimation Valves of Esthena 
ocom It IS not piovecl that this foiination is of Tiias&io ago, and it may after 
all be ol Peimian lime See Coleman, Ice Ages, 1926, p 86 




JOSEP MUENTCK, 


Vtg 201, Petitjiid log! tn Fetnfiid Foiesp Natmd Mommient, Awiyma This is 
war the base of the Chink [ormatmi 


in the soiitliern areas (Viiginia and tlio Caiohnas), tlic other in the 
petrified logs of the western icclbcds, as at Potuficd Foic&t, Anzona 
The first is a swamp flora ot ferns and scouimg rushes, to which arc 
added, whcie streams entered the swamps, the tian.spoitcd leaves of 
conifeis and cycads that foiraed the forests on the uplands and slopes 
The Petrified Fniost of Arizona, on the contrary, has yielded chiefly 
pctiified logs, although foliage has been found in several place, s,’ re- 
coi (Img cycadeinds and ferns that grow along the stream courses The 
logs are of conifers, not unlike the gieat pines that now stand in 
stately gi anclciir upon the iim of the Colorado Plateau Many of the 
logs aie of noble size, some attaining a dianietei of 10 feet at the base 
and a length exceeding 100 feet It has been cstiinaled that .some of 
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these trees stood nearly 200 loot high (¥ig 202) They now lie im¬ 
bedded in the Chinle shale, pctirficd as agate 

These two occuricnccs grve a fair representation of what lie know of 
Tiiassic land plants of the woild as a whole The foicsts weie then 



1 aU Peabody Alustmii 


Fig 203 Glimpbe into a Tiuibsic Iniidbcapc with tharactcn' 3 tic plants and .uninals, 
Pait of a groat miual by liiidolph Zallingei 

Plants 1, a bioadleafed fein, MatioUemopiois, 2, a piimitive cyrarleoid, Widandiella, 
3, a long-steinmod cycadooid, PaltLocycah, 4, a oomfei, Voltzia Amin ils 6, a pnimtivo 
leptile ancestral to the dinosaurs, Saltoposuchus, 0 , one of the sirialleht of duiosaui«5, 
Podokesaujus (length about 3 feetl, 7, one of thelaigest of Tiiassif dinosams, Plaicosaw us, 
a piobable anccbtoi of the gieat sauiopods of the next period (length about 20 foot), 8, a 
jnammal-hke reptile, CynoQnathus 
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predominantly of conilers iinitih like uur modem evergreens, and of 
cycads (Fig 203) The undergiowlh consisted ol ferns, tiee ferns, 
and bcouimg mshes The chief gioups ol Paleozoic plants were ex¬ 
tinct, or netuly so Tiic seed fcins, so cluiiacteristie ol tlie Coal Meas¬ 
ures, had hugely vanished, and the gicat scale ticcs aic known only 
fiom laie speeiincns ol jShgdlmia in the early Tiiassie and a few oLhci 
doubtful repi escntalivcs, Lepidodendron is not repiescnied, and cor- 
daites Averc no longer eousioicuous 



l^iG 2U4 A Tnassu* plj\tosiuii, Uuhoihn Plaiil'n in Iho foiG^ioinul ,iic iiishcs, and 
tlic tiGG m tlie biK kgiouiul IS a cycad AfterB \V Williston Tlie phytostuu liad a length 
of 10-12 feel 


Land Animals The Beginning of a Reptilian Dynasty. The 
vertebrates of the lands wei'c norv vai lod and evolving rapidly While 
the labyimthodonts attained their culmination in size and vaiicty, 
they were alieady far surpassed by the leptdes, wdiich showed them¬ 
selves adapted to all conditions of life on the laiuls, and caily in the 
lieriorl began to intuide the seas and compete with the fishes as do the 
modem seals and whales Phytosauis weic common in the stieains, 
and several other ordcis of leptilcs, now extinct, wcie adapted to life 
on the lands Tlic phytosauis rcscmlilcd the modern gavials in ap¬ 
peal ance and haliiLs but wcie not closely related to ciocodilcs Their 
bones are found in association with river clams and lungfishes One 
species from western Texas had a length of 25 feet All the phytosauis 
were confined to the Triassic peiiod (Fig 204) 





Fii 205 A Tnassic dimiaiii, Amhuam/it coliirut, after a model l>y K S Lull, 
based on a skeleton tn Yak Peabody Museum The ammd iwr about 6 feet long 


Dinosaim (Oi demos, terrible, + sauios, icpiilo') made their ap¬ 
pearance m the Tnaswe and by the middle of the period uutnumbeicd 
all ether kinds of leptiles and held complete sway ovei the lands—a 
dormmou they n’eie destined to hold until the elosc of the Aiesozoic 
era Unlike other loptdcs, they were adapted to a running luooino- 
tion, cariying then bodiCb up off the ground like mammals, with the 
legs under the body, not at its sides Other reptiles sprawl This is 
the only obvious featuie that tics the diverse types ol diiiosauis to- 
gethci as a natural group, for they vaiy by the widest oxti ernes in size, 
bodily form, and habits Indeed, they constitute, as 'vve now know, 
not a single great ordei of reptiles but two that aic only remotely 
related, having had very different origins 
Compaied with tho giants of latci Mesozoic ages, tlio Tnassic dino¬ 
saurs weic haidly “teriible icptiles,” for ncaily all of them weie 
slenJei of build and few reached a length of more than 10 oi 15 feet 
Almost all tlic known Tiiassic species -vvcie bipedal (Fig 203) and 
shaped somewhat like a kangaioo, with iiowerful hind legs and a thick, 
poweiful tail which aided in balancing the body as they lan The 
bipedal dinosauis did not leap like a kangaroo, however, but ran like 
an ostiioli The nature of their abundant tracks makes that quite 
ceitain 
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The side toes on the hind feet wcic already Ycstigial m most of the 
Tnassic species, so that they inudc three-toed iooipnnte that weic foi 
a long time mistaken for hiid tiacks Although the dinosaurs wore 
veiy numciuus in the eastern United States, skeletal roniams aiu ex¬ 
tremely raie, beeaiiac the icdbeds were a poor cnviiomiieiit for the 
prcseivation of lionos As the dinosaurs crossed and leciossed tlie iiiiid 
flats of the Connecticut tioiigh, liowcvcr, they left an amazing lecoid, 
not of dead but of living cieatuics, now liunymg m scaioli of food 
01 ft'atoi and again stopping to rest and to leave in the sett imid an 
irapiossion of the body and the tiny front loot Tlic bcsL-kiiown 
Amciican foiin is Anchisaiiius (Fig 2051, a slciidci, gi.iectul animal 
that readied a length, ovci all, of probably 5 1o 8 feet, its biullikc 
tracks have a length of 3 or 4 inches Some of the similar tracks 5 
or 6 inches long indicate laiger species The laigcst tiack oL all (O/o- 
zoim) IS that of a pondeious type, piobaldy laigoi than an elephant, 
for its toot was iiimc than 18 inches long and almost halt as hioad 

In 1947 a rich deposit of small Tnassic dmosanr skeletons was dis- 
ooveieil near Abiquiu, New Mexico* Dinosauis similar to those of 
America were also incscnt in Fuuniie, and iieaily complete aiticulatod 
skeletons of cainivoious dinosaurs weio disroveied iit t.lio Uppci Trias- 
sic of China in 1917 ” 

South Africa Imd, licsulos tlic ilinosaiiis, sevcial other oideis of 
piimitive reptiles, some of wliicli wcic squatty and heavy of build 
Moio interesting than all other rcjitiles of the time wcic the theimdonts, 
a group fioin which the pinnitive uiammals evolved during tlic Tiias- 
sie Some of these, like Cynognathus (Fig 206), form the closest 


AMFUrCAN MUSEUM OF NAIURAJ fflblOHV 

Pfg 206 A tfiamuicd-hh iepnk,CyiwgnafhH\, liom tht 
Tuassic hedf of South Afiiut A pai7iting by F h 
Jaqwi, made umh the dneetton of IV K Giep^aiy 
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approach to true mammals in every detail of the skeleton The teeth, 
for example, are differentiated and the dcntaiy bone foiras neaily the 
entire lower jaw This group of inammal-hkc reptiles is known in 
America from only two tiny jaws, each about the size ot that of a 
rat (Fig 207) TIigsc weie found in one of the Tiiassic coal mines in 
North Caiolina, and weie for many years supposed to belong to true 
mammals 

Teeth and jaw's occurring sparsely in the late Triassic (Rhictic) 
beds of Germany resemble tliosc of a primitive gioup of mammals 
known as Multituheiculata (p 464 and Fig 298), and these weie 

long regarded as the eailicst known 
mammal leinams Discovciy of 
a nearly coraiilcto skull in the late 
Triassic of South China (Fig 208) 
and ciitical icstudy of the picvi- 
ously known genus T7itilorlon have 
shown that these aic still on the 
reptilian side of the fence, though 
possibly leprescnting the group 
fioin which the multitubciculatcs 
evolved ° At iircscnt, thcictoic, no mammals aic known hum Tiiassic 
rocks ’’ 

Return of Reptiles to the Sea Mai me rcjitilcs aie known m the 
Lower Permian lacks of South America and South Afiica, but they did 
not become common until late m Tiiassic time Dolphm-like reptiles 
called ichthyosaurs (Gi ichthys, fish) appeared in the late Triassic 
seas and developed lapidly into one of the dominant gioups of maime 
animals of the Mesozoic era They wcic aheady abundant in the late 
Tiiassic of California and Oicgon, wlieie the largest species was about 
30 feet long, and they wcic piobably the laigest animals in the world 
at that tune The ichthyosaurs had a fishhke contour with a lateially 
compressed tail and flipper-like limbs (Fig 223) They weic un¬ 
doubtedly fast swimmers, able to captuie fish oi the ancient squids 
(belemnites) and ammonites of then time 

Another group of maime icptiles, the plesiosaicis (Gr plesios, al¬ 
most), made its appeal ance in Euiopc at this same tune Unlike the 
sleek ichthyosaur, the plesiosaur was a broacl-bodied, shoit-lailed 
creature that paddled clumsily like a maimc tin tie (Fig 224) He 
made up foi this shoitcoming, however, by a long and vety agile neck, 
which enabled him to dait out his head and take by surprise unwary 
animals that came near 



Fjq 207 Lowai jaw of a small mam- 
raal-Ulco leptile, omalherium, fiora tlie 
Upper Tuaasio bods in Noith Caiolina 
Alter Gcoige G Simpson Twice nat¬ 
ural size 
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Both iclithyosaiHs and plchinsaius v\oie descended from land rep¬ 
tiles and reiH-cseiit two migrations back to the sea The adaptation 
doubtless licgaii in sciiua([uatic habits like those of the hippopotamus 
01 the seal, but before the close of the Tnassic iioth tubes ol icptiles 
were iciiiaikably adapted to a loving life in the open sea Thu struc- 
tuic of the liiiiiis iirovcb then terrestrial ancestiy, lor it shows all the 
elements of the pentadactyl limb of a land aiiinial, only changed m 
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Fig 208 Oblique view of the shull of h lummmil-liko leptilo, Bitnolhenum, horn tlio 
late Tnassic bedh of South Cluu.1,'IS lostoieil by its diiicuveiei, Di C C Young 


propol turns so as to make finlikc ilippcis instead of -vvalkiiig legs It 
IS a striking fact, confiiramg the expectation of evolutionaly Lhcoiy, 
that the limbs of the Trias&ic species aic imicli moic like those of land 
animals than aie those of the moic peifectly specialized forms of the 
Juiassio 

Marine Invertebrates. The seas now sivanned with ammonites 
(PI 13, figs 6-14) ol which thcic wcic many kinds, some far largei 
than any in the Penman They wcie not only the most henutifiil and 
charactcnstic .shelled animals of tlic Mesozoic seas, but also the high¬ 
est expiessum of invcrtelu ate ciaihition m agility and strength Tlie 
rapid expansion of the group during the Tiiassic continued to near 
the close of the peiiod, when a very lapid dying out almost caused 
their extinction However, one genus (Phylloceras) wuth several spe 






PLito 13 Tiiafasio Biachiopods (1—3), Pelenypods (4, 5), CGphalopods (0-15), 
and Crustacea (16) 

Figs 1, 2, A ulacothyiib, anquaia (side and fiont views), 3, Tetractonella iizgoneUa, 4, lilyo’ 
'p}lor^a kcfuUtirii, a foioiuiinei. of the Tiigonias, 6, Daonolla ameiicana, (), 7, Paiatropites 
ainoldi, 3 , LcconUiccTas califormcum, 9 , 10 , Mvekacnas gracihtatis, 11, 12, Tropilcs suh- 
hullalus, 11, 14, Ceratites spimjer, 15, Atiactitp.a macilp.ntus, the shell of a primitive beiem- 

-- orl 1A T^awt'nhtfillfitITt +llO ImDWTJ 
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cies managed to survive into the Juiassic and to give rise to another 
great evolution of foiiiis in that period. 

The decline of sa great and adaptive a gioup is difficult to explain 
Possibly they wcic unable to adjust themselves quickly to the attack 
of the lapidly evolving marine icpLiles, ■which ceitainly pi eyed upon 
them 

Squidhkc ecphalopods (PI 13, fig 15) appealed eaily lu the Tiiassic 
and became very common m the Juiassic Among the othci molluscs, 
both clams (PI 13, figs 4-5) and ejasiropods wcie in the ascendancy 
Modern types of echmoids and .staifishes, and small lobsteis (PI 13, 
fig 16) originated at this time but were not common until later 

Reei-budding corals related to living kinds ajipeared in Late Tnas- 
sic time and contributed to tlie thick dolomites and limestones of the 
Alps and the Plimalayas They were widely distributed thiough the 
Tethyan geosynclmc ol Euiasia and also spread along the Pacific coast 
of Noitli Amciica from Cahfmnia to Alaska Biaclnopods (PI 13, 
figs 1-3), though still eomuion m Tetliys, had suilercd a vciy great 
decline clsewheic fiom which they failed to lecover They were ncvei 
atteiwaid common m Aineiica 
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THK JURASSIC PUKIOD 

During the Jurassic period cpeiric seas gradually spieacl over Eu¬ 
rope, with a life that was astonishingly iich and varied In these seas 
thcic was deposited moie than 3000 feet ot the most richly fossiliferoua 
of all the Mesozoic locks These have been the tiaming ground foi 
many Euiopcan geologists, and have given us an undci standing ol 

some of the fundamental piinciples of 
stratigraphic geology 
It was heie, ioi example, that Wilhain 
Smith first discovcied the use of fossils 
m pioving tlie age of the locks and cor¬ 
relating those of the same age fiom place 
to place Smith was a siin'cyoi, con- 
coined with inajipmg estates, (haining 
swamps, and laying out canals across 
soutlicrn England, wliere tlie gently 
tilted Juiassic limestones and shales aic 
superposed “like slices of hi cad and 
buttei ” Many of these beds were quar- 
iicd loi building stone and could be 
recognized by lithologic pcculiai itics 
fiom quarry to quairy For yeais Smith 
collected the beautifully picscivcd fos¬ 
sils wluch weathered fiom these locks, 
not with any appreciation of their sig¬ 
nificance but merely because they weie curios—to him this was a 
hobby, just as the collecting of stamps or coins is to many another 
However, as he was cataloguing his tieasuies one day in 1798, he per¬ 
ceived foi the fiist time that a given bed always yielded the same kinds 
of fossils wherever he found it exposed, and that eveiy other formation 
had diffcicnt species This being the case, he reasoned that he could 
identify the beds m othei quaiiies by their fossils As we have seen, it 
was only a few yeais after the discoveiy of this principle that strati- 
giaphic geology bad its gieat development in Europe, and that most of 
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the geologic systems were worked out and named These advances 
would have been impossible without the piinciple discovcierl by Smith, 
who has been called the “Father of English Geology” (Fig 209) 
From the studies of the abundant Jurassic maiine faunas came also 
the first clear ideas of climatic zones in the geologic past and of world 
paleogcographic maps 

Many of the Jurassic limestones in England arc oolitic, and Smith 
therefoic called this the “Oolite senes”, but the German geologist, 
von Humboldt, and later the French geologist, Alcxandic Brongmart, 
applied the name Jurassic to equivalent limestones in the Jura Moun¬ 
tains, between Fiance and Switzciland Smith's teim is still used in¬ 
formally for part of this system in England, but the name Jurassic has 
long since gamed univcisal acceptance foi the system 

Jurassic History in America 

Erosion Prevails in the East. In contrast to its great development 
in Em ope, the Juiassic is inoic rostiicted than any other system in 
North America Not a trace of these locks is exposed east of the 
Great Plains, and it is piobalilc tliat the cnliic eastern half of the 
continent was emergent and undergoing erosion throughout the penod 
Nothing is known diiccUy ol the old houlerland, Appalachia, but it 
proliably began to foundei and sink beneath the sea before the end of 
the Jurassic 

Undoubtedly the Appalacliian region had considerable relief aftei 
the Palisade disturbance, but ilicrc is evidence to indicate that before 
the close of Jurassic time the whole region was essentially peneplaned 
Beginning of the Rocky Mountain Geosyncline A new geo- 
synclme took form duimg Juiassic tunc along the couisc of the present 
Rocky Mountains, and both ends of it were invaded by the sea (Fig 
210) The southern erabayment, ciossmg Mexico, developed late in 
the period and reached noithwaid to western Texas (Malone Moun¬ 
tains) and southeastern Arizona Here the Juiassic formations are 
largely calcareous and beai ammonites indicating a direct connection 
with Europe but no close relation to the northern (Sundance) or the 
California seaways This southern pari of the tiougli is commonly 
known as the Mexican cjeohynclme 
The northern embayraent is best known by the widespread Upper 
Jurassic formations which indicate an arctic sea spreading southward 
across Alberta and eastern Biitish Columbia into the states of Mon- 
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tana, Idaho, and Wyoming, reaching for a &horI time as far south as 
ceiitial Utah and as lar cast as the Black Hills of vSouth Dakota (Fig. 
210(?) In the noithcin Gieal Plums the chief marine iccord of this 
tune is the Sundance fo7inniion, and for it this vast cmbayincnt has 
been named the Sundance Sea 

Middle and Lmvci Juiassic beds exposed locally aliout Fcinic, Brit¬ 
ish Columbia, indicate that the cmhayinent tcmiiouuily reached this 
far south eaily in the period, but little is known of the distiibutioii 
of those early deposits (Fig.s 210H, Ji) 

The middle nait of this geosynclmc was not submciged during 
Jurassic time, but much of Utah and parts of adjacent states sub¬ 
sided as an aiid basin Bofoie the arrival of the Sundance Sea, thick 
dcseit sands had accumulated in Utah and Anzona, and dming its 
stay the .sediments continued to coiiveige into it finin the hoidermg 
uplands Here, then, we find marine beds mterfingoring with dc,soi'i 
deposits The maiginal lagoons at the south end of the Sundance 
Sea weie fiom tunc to tunc land-locked and leducccl to a highly saline 
condition, so that gyp.sum was precipitated Thus, south of the limit 
of inarmo fossils, there arc beds oi lenses of gyiisum mici bedded in 
the continental scrhincnts Following the retreat of the Sundance Sea, 
the streams that crossed the basin lioni the rising lands farther west 
laid down ovci much of the gcosynclinc a mantle of alluvium that 
buried the most siiectacuUu of all Ameiican dinosaurs This is the 
Mornson formation 

The Jm'as,sic jiciiod thus saw the beginning ol the gioat geosyncline 
that dominated the western scene throughout the rest of the Mesozoic 
era and, during the Cietaccous pciiod, was occupied by a vast sea 
that extended flora the Aictic to the Gulf. Out of thi& tiough the 
Rocky Mountains weie foimed at the close of the eia, and for this 
reason it is knowm as the Eochy Mountain qeosyntline 

Persistence o£ the Pacific Coast Geosyncline The Califoinian 
and the Columbian geosyuclines peisistcd, with niinoi changes, 
throughout the Jurassic pciiod, and both received an imi)i'cs.sive thick¬ 
ness of delriial sediment and iniich vulcanic uuiLeiial A chum of 
active volcanoes extended fiuni Galiloinia to southern Alaska dining 
the early part ot the jicnod, and then activity was resumed on a 
grand scale duung Late Jura.s&ic time Many ol the volcanoes arose 
out of the .seaways In Biitish Columbia subinaiine volcanics lange 
up to 3000 feet in thickness, and m eastern Cahfnima the Mariposa 
foiination also includes immense outpourings of basic lava 
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The seas which occupied these geosynclines were at times distinct, 
but during much of the period they wcie connected across eastern 
Oregon and Washington. 

Nevadian Disturbance. Over much of the world the Jurassic lands 
weie stable, but along the western border of North America, Late 

Jurassic time witnessed intense and 
widespread deformation accom¬ 
panied by the intiusion of immense 
batholiths of granite This orog¬ 
eny has been named the Nevadian 
disturbance, but many Ameiican 
geologists think it deserves to be 
called a revolution 
At this time the Pacific Coast 
geosynclines were crushed by coin- 
piessive forces fiom the west, and 
their thick deposits iveie thrown 
into long ranges of fold mountains 
The effects of the distui banco can 
be recognized as far east as the 
AVasatch Mountains in eastern 
Utah,^ but the area of intense dc- 
foimation was in western Nevada, 
Calitoiiiia, Oicgon, Washington, 
and the western part of British 
Columbia 

The distiibution of the late 
Jurassic batholiths is indicated in 
Fig 211 That of the Sierra 
Nevada is neaily 400 miles long 
and 80 miles wide, but the Coast 
Range batliolith is still greater, 
extending for 1100 miles north of 
the Canadian border Neither of the vast masses of gianitc is 
actually a single intrusion, each is a complex of closely related in¬ 
trusions ‘ The cniplaceinent of the granite pioliably followed shortly 
after the mam folding and was a feature of the Nevadian dis¬ 
turbance The net result of the compression and the intrusion was 
to leave the Jurassic and older rocks rsoclinally folded and strongly 

■'‘The Coast Range batliolith is, foi the most pait, not yet closely dated and 
may include mtiiisions of both late Jmassic and eaily Cietaceous date 



Fig 211 Outciops (i/i hlac1\) of the 
late Juid-5*iic-eaily CrcLaceoiib batholiths 
of westeui North Amoiica 
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metamorphosed in eastern California and paits of Biitisli Columbia 
The heat and picssuie, as well as the gases and fluids ascending from 
auch vast bodies of magma, led to severe metamoiplnsm of the sedi¬ 
mentary rocks into which the intrusions wcie driven The gold- 
quartz veins of the “Mothci Lode” belt m the Siena Nevada wcie 
foimcd by the ascending solutions, which perictiatcd the Juiassic 
slates then iormmg the roof of the batholith 

The precise date of the Nevadian disturbance is still unceitain 
Like all great orogenic inovcmcntH, this one undoubtedly developed 
over a coiisidci able span of time, leaehed its ehmax, and then died 
away It is unlikely, furtbciinoic, that tlio climax came simultane¬ 
ously ovei so vast a legion Since late Juiassic forraatiuns are in¬ 
volved m folding and intrusion that did not affect the Cretaceous 
formations, it is evident that the Nevadian distiiibancc culminated at 
the end, or near tlic end, of the Jurassic period 

Both the Maiiposa founation of Caliioinm and the Gahce forma¬ 
tion of Oiogon, lor example, nie intensely inetamoipliosed, and both 
beai ammonites of Kiimneiulgian age (next to the youngest m the 
Juiassic time scale of Euiopc) It is alleged by Tahafciro, however, 
that in Oregon the Galiec foimation is uiiconformably overlain by less 
deformed beds of the Knoxville loiiiiation, whicli licars fossils of Port- 
landian age (latest of the Eiiiopcan Jurassic), and that here, at least, 
the climax of the disturbance came bcfoio the close of the period^ 
Much marc evidence is needed to jirovc whetliei this relation is gen¬ 
eral in wesLcni North America 

Cii'ui\OTEn or the Jubassic Pormations 

Redbeds and Dune Sands o£ the Colorado Plateau. Over the 
states of the Culoiado Plateau the Juiassic system is leprcsentcd by 
redbeds and dune sands that attain a maximum thickness of 3000 
feet 01 moie The lower division has been named the Glen Canyon 
group for its magnificent exposures in the toweling walls of Glen 
Canyon of the Coloiado The upper pait is known as the San Rafael 
group for its exposures in San Rafael Swell, ccntial Utah 

The Glen Canyon group is composed almost entirely of finc-giained 
pure quartz sand of light gray oi pink color The bedding is generally 
obscure, and the sandstone appcais exceptionally massive It is 
everywhcic a cliff maker, oiitciopping m “unscalable walls of com¬ 
manding height” (Pigs 200, 212) Near the middle of the group there 
Is a zone of thm-bedded slabby sandstone which separates two mas- 
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&]ve foim£itiQus, the Wingate sandstone below and the Navajo above 
In the plateau legion these noimally outcrop m two colossal cliffs with 
a bench between Over gicat aioas the Navajo and Wmgatc loima- 
tions aie a solidified dune sand m which the swinging curves of gigan¬ 
tic cioss-bedding betiay eolian oiigin (Fig 2131 Rainbow Niituial 
Budge IS oai'vcd horn this sandstone 
These formations aie almost entirely unfossiliforous, and their pio- 
cise age is unceitain Recently a small bipedal dinosaui was found 
m the Navajo sandstone near Kayenta, Arizona, and tracks of dino- 
sauis liave been discoveied at a few places in the slabby sandstone 
between the Wingate and Navajo formations Tlic Wingate sandstone 
may prove to be of late Tiiassie age 


CARL 0 DUNBAR 

211 Toweitn^chjfs of Naeaji) saitdstme, ZimNatmml PaikjUtah In the 
ihstame at the left, the Gieat White Tbmie 
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The Sun Kajael iji oup ih foimed o[ led siindfetonet, and f,illbtuiies and 
led bliak's into winch there inietfiiiger fumi Uic iinrthwebt two gieal, 
wodftus of gray nianue hluilcs and sandstntie& It also includes one 
inashivc puro saiidhtonc member like the gieat dime sands below The 
icdbods neie deiiosited on ii low iilluviiil plam in an and Inisiii, and 
the marine inemhciK that iiiteifingcr from the noitliwcst iiuiik tein- 
jKiiaiy iiicui.simi.s of the fiiindiiiice Sea The group has ii tliicknohs of 
about 1500 feel 

All ihese fonnatioiih of hotli the (Hen (laiiymi and tlie San Rafael 
guiups thin out by ovcilaii on the old Prc-Ciuiilinaii giiiiiite of the 
Uncoiiipahgic Plateau and other elements of the Colorado Momilains 
in ffestcin Coloiado O’he iiiciciisiiig coaisenoss and the picsencu of 
locally dci'ivod boulders indicate that inueli of this dotrital iimteiial 
was coming from that icgiim, hut, siiir,c the sandstoiieb thicken towni d 
the west, it is jiroliable that the Mcsocordiilonm gcantieluie lying 
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Fi^ 213 “Fiazcti Hums' tn the Navajo sandstone mat the south entiaiu to Zio^ 
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oiuttgatid ihitli and saaditont 


belween the Eacky Mountain and the Californian seaways (Firs 210C, 
230B) was supplying a laigc share of the sediment 

Marine Strata of the Sundance Seaway. The Sundance forma¬ 
tion of the nortliein Gieat Plains is a conspicuous key horizon, lying 
between the unfossilifcrous redbeds of the Tiias&ic and the continental 
sediments that rest upon it Over this aiea it is noiinally only 200 to 
300 feet thick It consists mostly of sandstone and shale, but there 
are limy zones filled with fossil oysters and othei clams, as well as 
the shells of belemnifccs and othei cephalopods, and, laicly, skeletons 
of ichthyosaurs The water was evidently shallow, since the sediments 
varied locally from neaily pure sand to mud In places the shales ai e 
partly red 

Tiaced westward into Idaho, the Jurassic beds thicken to 5000 or 
6000 feet and are divisible into foui distinct formations This gicat 
increase m thickness is due partly to the fact that deposition began 
earlier and continued longer m the geosyncline than it did farthci 
east It may be also that more rapid subsidence allowed the sedi¬ 
ments derived from the west to come to rest more readily on the floor 
of the geosyncline, so that accumulation there was more rapid 
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Morrison Formation and Its Dinosaurs All the gigantic dmo- 
sams of the Amciican Juiahsie have come from a single foimatinii 
(Figs 214, 215) that was deposited as a blanket of fluvial sediments 
o\ci the iGbt of the Jurassic formations m the Coidillcuin region The 
fmmation is niunccl fur its exposine at Moriison, near Denvor, but it 
extends far to the north into Montana, west into Utah, and south into 
New Mexico, oiigmally covcimg iiioie than 100,000 square miles of 
the Rocky Mounlam legioii In spitu of this great extent, it is usually 
less than 400 feet thick 

The Morrison consists ol shales, siltstoncs, and sandstones with 
local congloiiieialcs, all of winch iiitcigradc latcially, as is the habit 
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ol c'cmLinental cieposith, bu that it ih nutiosbihlc to follow a yingle bed 
over a considerable distance The coaisei fecdiiiients aie commonly 
iircgulaily bedded and cioss-laininatod Tlie coloi vaiics locally fumi 
grcenish-giay to black oi lavendei oi pink or even white No maiine 
fossils have ever been found, but moie than 150 kinds of leircstnal 
animals and land plants arc known from these beds Tbesc iiicdiulc 
the gicatcst of all dmosams Sixty-ninc of the species are dinosaurs, 
25 aie tiny primitive inaramals, 3 aic ciocodiles, 24 arc iivci clams 
and land snails, and 23 aic plants 

From these facts wc can pictuic the legion at the time of depo¬ 
sition in a setting not unlike that of the present basins of the Amazon 
or Paiana iivers It was a low alluvial plain crossed by sluggish 
streams lioailing in the distant liiglilands to the west, whence came 
hoary loads of mud and sand Heie and there swamps or small lakes 
interrupted the ooiiiscs of the In aided sti earns The shitting sands 
and giavcl bais along the channels gave use to deposits of cross- 
bedded sandstone and congloinciate, while the finci mud and silt that 
settled over the floodplains pioducod the vniicoloietl shales The 
climate had become more humid with slight emcigciicc of the whole 
region from the sea, so that vegetation spread over llie landscape and 
animal life was abundant In soutliweslein Coloiado and New Mexico 
the lower pait ol tlic section geneially assigned to the Moiiison in¬ 
cludes eohan sand and gypsiferous beds, but these aie now known 
to be equivalent to part of the Glen Canyon group and oldei than 
the Morrison formation propei '* 

The geologic date of this formation is difficult to piovc It ovcilies 
beds (Sundance) dated certainly as early Late Jiuassic and is in turn 
overlapped (in Oklahoma and soutlieastcin Coloiado) by beds of late 
Eaily Cretaceous age (Washita) So fai as the stiatigiapluc evidence 
goes, thciefoie, the Moiiison may be Late Jurassic oi Eaily Creta¬ 
ceous The fauna, though abundant, can not be compaiod with any¬ 
thing in the standaid marine sections of the wmild, and we still know 
little about the land life of the Late Juia&sic and Eaily Cietaceous 
of Ameiica except what is iccoidcrl in the foimation in question A 
roniparison of the dinosauis of the Moirison willi those of the Juiassic 
and Cietaceous of Em ope, however, hi mgs out latlicr convincing evi¬ 
dence of Juiassic affinities (especially among the Stcgosauiia), and 
this IS siippoitcd also by a compaiison of the mammals ^ 

Cuiioubly, the best evidence on the age of the Moiiison is found 
neaily half-way aiouncl the Eaith, in East Afiica, whcio there are 
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hods licaring dinosaiu'w cloudy like those of the Momson, interbecldecl 
with raarino zones eiirrying nndouhtcd JuiasMc ammonitc& Although 
it IS possible that the Momson and the East Africa (Teudagiiiu) 
formations aic not strictly equivalent, the balance of the evidence 
favois the assignment of the Momson to the Late Jurassic 

Rocks of the Pacific Coast Geosyncline Jiiriissic locks arc 
extensively exposed in California but in widely scpaiated aicas where 
they have escaped the sevcial later pciiods of deformation and deep 
erosion In most places, they have liccomc involved in very complex 
sti'ucUues and mctainoiphoscd to such an extent that fossils arc ob¬ 
scure With these fiagments of the lecord, it is impossible to rcstoic 
a complete picLuic of the Juiassic histoiy of Califoinia Suffice it to 
say that the sediments were very thick and almost entiicly detiital, 
piovmg that the boidcung lands were sufficiently elevated to be under¬ 
going extensive eiosion 

In eastern Califoinia the Manpom slates and inteibedded vol- 
canics icach a thickness of possibly 10,000 feet Mount Juui at tin* 
noithein end of the Siena Nevada piescnts a very complete Jniassic 
section, with fifteen foimations ranging fiom Lower to Upper Jurassic 
and containing volcanic tuffs and agglomciates of various ages 
thioughout the pciiod, and icecntly a still fiiiei and inoi'o complete 
section vas discovered in eastern Oiegon In Shasta County, Cali¬ 
foinia, the Jurassic is rcpicscntcd by the Knoxville sandstone and 
shale, which may total 10,000 feet in thickness, and mcluclcs conti¬ 
nental beds with land plants, as well as marine zones with the peculiar 
aictic clam, Aucella (PI 14, fig 6) The Franciscan senes, which is 
widely spicacl in the Coast Ranges botli noith and south of San Fran¬ 
cisco, contains ladiolaiian cherts and inteibedded sandstones piobably 
of middle and later Jurassic age, with an estimated thickness of 15,000 
feet These sediments become coaiser toward the west, suggesting 
then oiigin from the maigmal land, Cascarha In the vicinity of 
Vancouver Island, also, thick detrital Jurassic foimations aic found 

The gieat thickness and the detrital natuic of all these western 
formations show that the distuibancc culminating in the Nevadian 
mountains was already being felt during Late Jurassic time, and that 
the Pacific Coast geosyncline was profoundly depicssod as the bordei- 
ing geanticline arose 

Southern Alaska has a gicat development of Juiassic locks, though 
they have not been studied in detail Marine formations of Eaily, 
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Middle, and Late Jurassic age aie known, and much volcanic material 
IS associated with these, especially m the lower and upper poitions 

Climate 

As wc have seen, descit conditions continued m the southern part of 
the Coidilleran region, where the Navajo sandstone is one of the great¬ 
est dune-sand formations of the entire Eaitli This, however, was 
appaiently a local condition and may have been due to the fact that 
the region was lower than the western land mass which cut off the 
moisture-bearing winds In many othci parts of the world, the climate 
was decidedly more humid than it had been in the Triassic, and giay 
or dark sediments with coal boils accumulated m the lowlands For 
example, the Middle Jurassic is coal-beaimg in hlcxico, California, 
Alaska, Giecnland, Spitzbergcn, Europe, Sibeiia, India, China, Aus¬ 
tralia, South Afiica, and Antaictica Tlicie was nothing like the wide 
distribution of redbeds that we obscivcd m the Tiiassic, and no im¬ 
portant salt 01 gypsum deposits aie known like those of tlio two jiicvi- 
ous periods Outside of North America tlie epciric sens were again 
very extensive, and with this spiead of marine watei went, appaiently, 
milder and moister climate 

The tempciature appeals to have declined somewhat at the close of 
the Tnassic, though not enough to bring on glaciation The middle 
and later parts of the Juiassic, on the contiary, wore maikod liy voiy 
mild climate even m high latitudes, and probably by subtiopical con¬ 
ditions ovci most ot the United States and soiithcin Europe 

The loweiing of the temperature at the end of the Tnassic is inlciied 
from the gieat decline of the ammonites, the dwaifing of the Early 
Jurassic insects, a decided reduction and geogiaphic lestriction of the 
iccf coials of Early Juiassic time, and the maikecl development of 
growth lings in the woods of that time in temperate latitudes 

That the Middle and Late Juiassic climates were milder and more 
equable than the present ones must be inferred from the distribution of 
both animals and plants Towaicl the close of the period the gieatcst 
of all dinosauis langod ovei Lhe western United States at least as far 
noith as Alontana, and m Asia they weie at home in Mongolia, where 
wmtci temperatures now fall far below zero Yet the dinosaurs veiy 
probably could not endure freezing weather Reefs of corals, sponges, 
and biyozoa abound m the Jurassic rocks, coials occurring some 2000 
miles north of the present range of similai foims The distnbution 
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and character of the Mid-,Jurassic land plants are thought also to 
indicate a waim, moist climate over much oi the Eartli Fuither- 
moie, the insects of the caily Upper .Tuiassic foimations aic much 
larger than those of the Lower Jurassic 

Economic Rksouegics 

Coal. Tlie Jurassic is an impoiLant coal-producing system, if wc 
considei the world at laigc Extensive aicas in Siberia aic underlain 
by ,Tuiassic coal of economic importance, and in Tasmania and Aus- 
tiaha the chief coal measures aie the Juiassic locks Thcie aic also 
11112101 taut coals in Spitzbeigcn and smallci deposits in vaiious parts of 
Euiopc and southeiii Asia In North Aineiica, howevci, thcic is no 
workable Juiassic coal except that of easLcin Gieenland 
Gold The gold that atti acted the “Eoity-Nineis” and led to the 
lapicl settlement of California has its souice m the gold-quaiiz veins 
foimed in the Juiassic slates along the wcstcin slope of the Siena 
Nevada The placer gold that the early settlers panned from the 
streams was conccnti ated m the river giavcls during Cenozoic times, 
hut it came originally fiom the Juiassic veins and was freed duiing 
their ciosion A long, naiiow belt of Jurassic rocks containing gold 
veins and extending for 120 miles along the western foothills of the 
Sicria Nevada is called the “Mother Lode” belt 
Up to 1937, California had pioducccl about 11,850,000,000 woith of 
gold, most of which came fioin the veins of late Jurassic ongin or flora 
lilacers deiived theicfrom In 1939, the state piorluced 1,424,719 
ounces of gold with a value of $49,865,000, which is approximately 
one-thiid of the pioduction of the entire United States 

Life of the Jtjra&sic Period 

Forests of Evergreens The floras of the .Jurassic, although in the 
main a continuation of those of the Late Tiia.ssic, weic in important 
lespccts diffcicnt from modern ones So far as known, they consisted 
of scouring lushcs, hcibaccous and tree ferns, cycadeoids, gmgkos, and 
abundant conifcis (Fig 216) The foicsts presented thick stands of 
pines and othei conifers, mingled with gmgkos and ticc feins, with 
an undergrowth of herbaceous ferns and rushes, while the more and 
slopes presented an open giowth of cycadeoids and ferns It seems 
to have been an evergreen assemblage, still lacking the deciduous hard¬ 
wood trees like those of our modem forests, though it probably in- 
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eluded foierunners of these, as yet unknown Modem floweimg jilants, 
that lb, angiosperms, aie not certainly known from the .lurns&ic, 
though a few inadequately known types have been suspected of lepic- 
sontmg this great gioup. The cycadeoids, however, were tiuly flower¬ 
ing plants 

A rcmaikablc feature of the Mid-.Tuiassic floras is the wide dis¬ 
tribution of many of the species If wc exclude the cycads, about half 
the plants known in North Ameiica aio found also m Japan, Man¬ 
churia, Siberia, arctic Alaska, Spitzbcrgen, Scandinavia, or England 
Even the plants collecjtcd by the Shackleton expedition in Louis 
Philippe Land below Cape Horn (m latitude 63° S) aie practically 
the same as those of Yorkshire, England In this cosmopolitan dis- 
tiibution of the land plants, there is striking testimony ot mild, equable 
climates 

Cycadeoids (Figs 210-218) appeal to have been the most charac- 
teiifctio plants of the Jiiiassic, as they wcio of the Tiiassic In fact. 


YAiE rEABony museum 

Fig 116 A Ji/rassii. landscape Patt of a gieat muial by Rudolph Zallingei 
Plants 1, a fun, Mamidium, 2, scomng tush, Eipintues, 3, u tall-stemmed 
cycadtoid, Wtlliamtonta, 4, Cycadeotdea, 5, a comfei, Aiaucaiita Ammah 
6, a minute dinotam, Cempsegnatku, only about 2 fut long, 7, a plant-feeding 
diHosaiit, CamptosamuSj S, a large camiumous dtnosam, Allosamits, 9, a plated 
dinosaur, Stegosamus, 10, a giant samopod dinosam, Biontesamus (length 
61-10 feet), 11, a pteiosaui, Rhamphenhymlius, 11, the fiiit bud, Anhceopteryx 
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the Early Mesozoic has been cliaiactcnzccl as the Age of Cycads 
Although the cycadeoids have pcisistcd until the end of the Mesozoic 


era, and aic locally abundant 
in the Cietaceous locks, they were 
eclipsed aftei Juiassic time by the 
great expansion of the niodeinized 
plants 

Medieval Insects About one 
thousand kinds of insects are 
known from the Jurassic locks, 
and among these we note reiuc- 
sentatives of most of the mod¬ 
em oidcis Caddis-flics, scoipion- 
flies, diagonflies, and beetles wcic 
coininoii, gi asshoppers, cock¬ 
roaches, and tcumtes or rvliite 
ants ucrc also picsont, moths 
(Fig 219) and flics (Diptcra) 
made their appearance at this 
time, and even the social ants 
were rcpicscnted Since the last 



Yale Peabody Mui>euin 
Fro 217. A Jiving cycacl 


three gioups rcpieseiit the most highly specialized stocks of the in¬ 


sects, it IS deal that the significant features ot insect evolution liad 



Yale Peabody Museum 


alicady a]ipcarod by the middle of 
the Mesozoic era 

Reptile Hordes. By Jurassic 
time the Age o] Reptiles was in full 
swing Not content with a com¬ 
plete domination of the lands, some 
of the icptilcs anticiiiated the birds 
in flight, and others excelled the 
fishes in the sea The clinosauis 
had attained their greatest size in 
Iiondcious sainopods so enoimous 


Fig 218 Three-bianchedtiiinkof the 
cyoacleoid, Cycadeoidea maishiana, fioni 
the Lowoi Cietaceoug (Lakota sandstone), 
Cycad National Monument, Black Hills, 
South Dakota Couitesy of G R Wie- 
land The spocimon has an oxtrenio 
■width of about 25 inches, 


that 60 to 75 individuals in circus 
parade would have spanned a mile 
Never before or since has the Earth 
been so completely unclci the sway 
of reptilian hoides 


Dinosaurs ivere now in their heyday, and four of the five great tubes 


of these reptiles weie repicsented Sauropocls were the largest and 
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most distinctive Brontosaurus (Figs 216, 220), one of the best- 
known American forms, reached a length of about 65 feet, but the moie 
slender Diplodocus had a length of nearly 80 feet, the biain of each of 
these huge animals, howcvei, weighed less than a pound Until re¬ 
cently sauiopods weic almost unknown outside the Jurassic rocks, but 
now they have been found in the Lower Cictaccous of Wyoming, and 
in the Upper Cictaceous of New Mexico, Utah, and Texas 
The plated dinosaur, Stegosaums (Figs 216, 221), with a 214 -ounce 
brain for 10 tons ol weight, was equally distinctive of this time In 

addition, theie were bipedal cainivores of 
laigc and small size, one of which, Comp- 
sognathus, must have been as agile and 
slender as a small kangaroo, foi it was 
only 2% feet long Of the larger carni¬ 
vores of this period, Allosaurus (Fig 216) 
was peihaps the gieatest, having a length 
over all of more than 30 feet Still laigci 
species lived in the Late Cretaceous 
The herbivorous bipeds (ornithopods) 
aie known from scvcial genera but were 
less common heic than in the Cretaceous 
Among the most bizarre animals of the 
Mesozoic were the 'pteiosaws (Figs 20, 
216, 222) or winged reptiles which “laid 
claim to the empiie of the air in those medieval times ” With leatliein 
wings and naked bodies, they must have piesented a batlike appeal- 
ance, though the sLructuie of their wings shows how superficial this 
resemblance was The bat is a waim-blooded animal allied to the other 
mammals, but the pterosaui was a reptile The bat has all its digits 
extended to bear the weblike wing membrane, wheieas the pteiosaur 
had only the fouitli finger greatly extended to support the wing, leav¬ 
ing the other digits free to seive as claws The Jurassic species had 
sharp, slender teeth, and heads that were decidedly reptilian Some 
had long tails with flukes, which probably aided in keeping the bal¬ 
ance duimg flight, but othei forms were tail-less In the Jurassic 
pteiosaurs the fiont and hind limbs were not gieatly chspropoitionatc 
in size, and it is cleai that these winged diagons developed from 
quadrupedal land loptiles Upon alighting, they certainly walked on 
all fours (see Fig 222) 

During the Juiassic period, the pterosaurs ranged in size from 
minute species with a wing spiead equal to that of a spairow up to 



Fro 219 A Jurassic moth, 
Limacodites mcsazntcus, as lo- 
sloiecl by A Haiidliiaoh About 
uatuial size 
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others that spanned 3 or 4 feet fiom tip to tip ct wings The gicater 
and moie highly specialized fonns followed in the Cretaceous penocl 

In the seas, both ichthyosaun and plesiosaun wcie at the zenith of 
their development The foiiner, with then streamline contour and 
poweiful fluked tail, must have boon efficient swimraois (Fig 223). 
They ccitamly resembled the modem porpoise to a lemarkablc degree, 
except that their tail flukes were in the vertical plane, so that they 
swam by a lateral instead of a vertical motion The lesemblance is 
puiely supeificial, however, for the poipoise is a warm-blooded ani¬ 
mal and a mammal 

In the Lower Jurassic black shales of Germany, remarkably pic- 
served specimens of ichthyosaurs arc found with the cntiic skeletons 
aiticiilatod and surrounded by a caibonizcd film that outlines the con- 


YALE PEABODY MUSBUM 

Ftg 210 Skdeton of Biontotaum This speiimm, fiom the Moitum fmmatm 
at Como Bluffs, Wyoming, measures 61 feet fiom note to tip of tad and standi about 
IS feet high at the hips A leconstuictmi may be teen m Fig 216 
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tour of the flesh (Fig 18, p 38) Some of these, inoicover, have 
been found with unborn young inside the iib case, pioving that they 



Yali, Peabodu Muuum 


Via 221 Skeleton of tlio plated ditio- 
s.im, SleQosaurus unQitlalui, fiom the Moi- 
iihon foiiiiation at (!omo Bluffs, Wyoming 


were viviparous In this respect 
the ichthyti&auis sliow^ a moic per¬ 
fect adaptation to aquatic life 
than any otlier known icptiles, for 
even the great marine turtles 
come asliore to lay then eggs 
The Jurassic species wcie ratliei 
smaller than some of the Tiiassic 
foims, rarely attaining a length 
ol 25 feet Many were mature at 
a length of 5 to 10 feet They 
ted on fish and ccphalopods A 
icmnrkalilo skeleton found with 
some 200 hclcmnite shells inside 
suggests that they weic especially 
fond of these squidlikc animals 
PlesinmuiR (Fig 224) are also 
best known fioin the Jiuassic 


rocks In these reptiles the tail 
was not fluked, and pi opiilsion was by means of the iiaddlc-like flippers, 
as in the inaiine turtles The laigest Juiassic species scaicely ex¬ 
ceeded a length of 20 feet 



lio 222 hrniojphodon macTonyx, □, small ptoiosaiii fiom tlie Lowoi Juiassio in 
Lyme Ilegia, England Left, skeleton in bipedal attitude, light, fleah restoiation in 
quadiupedal altitude The animal had an extreme length of Blightlj moio than 3 feet 
Froni Sooley, Drayons of iU Air (D Appleton and Company) 


Slendci-snouted mocodiles much like tlic tiiodeiii gavial of India 
were abundant in the seas as well as in the iivcis Mai me iurilcf, 
also WTic picsent, though less common than the groups of reptiles 
aheady mentioned 
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First Birds, Birds appear as fossils for the first time in IIpppi 
Juiassic rocks and icpiescnt one of the most lemurkablc advances that 
the life of this period has to show As yet only tliicc specimens aie 
known, and these aie fiom tlic famous lithographic stone quainos 
about Solcnluifen, Bavaua Two of these aie fine skeletons with im- 
piessions of the leathers The thud specimen is the im]iression of a 
single feather The two .skeletons seem to leprasent difl'cient genera 
and species, tlioiigli both are about alike in size and genei al features 

To the fiist-discovcrcd bird w’as given the appiopiiate name Archie- 
opteiijz (Gr aichams, ancient, + pteion, wing) It was a stiange 
creature, mere reptile than bird, and yet because of its feathers dis¬ 
tinctly to be classed as a bud It would be difficult to find a moie 
perfect “connecting link’’ between two gicat gioups of animals, oi 
more cogent pi oof of the reptilian ancestiy of the buds 

Ai chseopteryx (Figs 216, 225) was about the size of a crow Tluee 
leinaikahlc features strike one at the first glance (11 the jaws were 
set with a row of small teeth Those W'cie not incic sciiations on a 
homy beak but tiue comcal teeth set in mdividual sockets like those 
of many reptiles (2) In the wings tlie digits wcie not completely 
fused, and the first thioc still lunctumccl as claws (3) The tail was 
long and slender, with the feathers divciging pmiiatcly from its axis 
and not fanwiso as in modem birds The plumage was tlioiouglily 
birdlike, but the teeth, clawed wings, and long tail hetiay rejitihan 
affinities 

First Mammals. The most significant advance in the life of the 
Jurassic was the appcaiance of the pninitive maininals (Fig 226) 


AMERICAN MUSEUM OF NATURAE niSTOHY 

F/g 223 The maam leptjle, Ichthyosamur, 
with a hood of young Fiom a pmnttvg by 
Chafles R Kmgh The adult was about JO 
feet long 






Fig 224 Tk tmtnt Plemsaxius A pan of plesmami in tht fore- 

g’crmd, with tchthyaum •, m tk nght hackgtound asd fish mth left foHgiouttd 
After E Fiaas, Stiittgait Museum 


Although small and imiinpressivc, they represent the caily development 
of the wann-bloodccl animals which now dominate the Earth, and the 
group to which man himscli belongs None of the JiiraMsic iniiinraals 
was laiger than a very small dog, and then known remnins aio quite 
fragmcntaiy, consisting mostly of jaws, isolated teeth, and portions 
of limb bones Neveitheless, they aie represented in Ninth America, 
Em ope, and Africa and probably ranged ovei all the continents except 
Australia Most of the fossil remains have been found m association 
with dmosauis The Ameiican fonns have all eomc fiom the late 
Jurassic (Moinson), and most of them fiom a faranus dinosaui quairy 
at Como Bluffs, Wyoming The lest have been recovcicd mostly fiom 
Aliddle and Late Juiassic beds in England 
In spite of their small size, these early mammals already sliowcd 
marked specialization in their teeth, suggesting a wide vaiiaLion in 
habits of life Among the Juiassic species, four ordcis can he recog¬ 
nized, all oiiginatmg m thenodont reptiles All four of these early 
mammalian stocks are now extinct, but one of them (Pantotheria) 
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appeals to have given rise during the Mesozoic to the modern marsu¬ 
pials and placcntals, the otliois died out vHtliout descendants Al¬ 
though, on thcoietical giounds, the obscure little egg-laymg mammals 
(inonoti'cmeb) now living in Australia and Tasmania would seem to 
repiesent the most primitive possible stage of raaininalian develop¬ 
ment, there seems to be no basis ioi the inference that the Jurassic 
mammals woic also cgg-laymg The inonotremes may have devel¬ 
oped independently of the othci mammals out ot ancient leptiles 
(Theriodontia) '' Their geologic liistoiy is completely unknown 
Marine Invertebrates. The piofusion of marine invertebiales and 
the iichucss of their fossil icmains in the Juiassic rocks have alioady 
claimed our attention In many respects these faunas wore essentially 
modem Tor example, comU of the modern families were then exten¬ 
sive icef makers, and abundant pelecypods (PI 14, figs 6, 7) and 
gastropods icscmblcd modern toiins m gcncial fcatuios Tiuc oysteis 
had alieady bocume ooinmon, though stiongly jilicatc species wore inoie 
piominent then than now Lobsteis and slirimplikc crusiaieuns wcie 
pieseiiL in mimbcis, and one dcpicsscd lorm {Eiyon] foieshadows the 
evolution of the crabs (Fig 227) Tlie cimouh, locally abundant, 
resembled oithei of two modem typos the large stalked foims were 
closely allied to the Pentaamus that still lives m deep water olt the 


Ftg 225 Tk oldest known bad, Aichaopteryx 
Although here lestoied as feeehng on fuitt of 
the cycad, tt was probably eatmimus The 
bird was about the siie of a a oto From the 
Uppi) Jmass to at Solenhofin, Gnmany 
Aftei G Hnlmann 
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Japanese coast, while small stemle&s species were like Comatula Sea- 
urchms of modem aspect were well repiesentcd (PI 14, figs 1, 2 ), and 
among these were the fiist of the “heart-mchins,” but there were no 
“sand dollai s,” the latter having evolved after the Cretaceous Sponges 
weie in places important icef makers 
More prolific and moie distinctive than all othei kinds of shellfish, 
however, weie the ammonites (PI 14, figs 9-11), which now attained 
the zenith of their caieoi and were rcpicsented by a vast number of 





Fiq 220 Ono of the best-known. luiaasic maramaL, Cletiacodmi, tioin the dinobaur 
quairiea lu the Moruboii toimation at Como Bluffs, Wvommg It belongs to the o\tmit 
order Multituboi ailata The tlcull and two views of the head (about naluial size) ns 
restoied by G G Simpson 


kinds, some laigc and some small, but all possessing delicate pearly 
shells The intiicacy and the variety displayed m the fluting ot the 
ammonite septa during this period aic icmarkahlc, and the modifica¬ 
tion of bodily lonn of the living animals is an eloquent commeniaiy 
on the plasticity of animal life Some species, with slcndoi shells 
coiled like a lope and wiLli the living chamber occupying more than 
an entnc volution, must have had bodies of ccl-hke pioportions, 
whereas others with bioadly loundcd, globular shells had bodies as 
short as the octopus The most lemaikable of all modifications must 
have existed in those species with latcially compressed and deeply 
involute shells whciein the penultimate wlioil of the shell was so 
deeply impi essed in the animal’s back as to divide it almost in two 
The belemmtes, some of them 5 or 6 feet long, wcic also at then 
climax at tins time, and their cigar-shaped internal shells are e\- 
tiemely common fossils (Fig 228, and PI 14, fig 81 Raic specimens 
found in the black shales of the Lower Jmassic in England and Ger- 
manv show the foim of the body and aims, picscivcd as a cailionized 
film about the shells From these it is certain that the belcmnitcs 
were squid-hke ccphalopods with six instead of ten arms and with 
corneous hooks instead of sucking discs on the aims It is almost 
certain that true squids weie also evolving fiom common ancestois 







Plate 14 Juiii'^hie lOdiinoidi (I, 2), Biacliiopods (1 G), Peletypods (0, 7), 
cincl Cei)halopods (8—11) 


Fig-i 1, 2, Ihmicidans uilcirm-dm (side and uppei view,), .3. 

walcolh, last of the spu.feioids, 5, Goniothmvi philhps^, f 
ooma coBlata, 8. BdemmLos den^u-. (b.oken to bhow ohanj^beied she 1) 0, "izc 

Io,me, 10, kohiocra. tancadatoulea, 11, Phylloceiaa heterophyUum All imtuval size 


Drawn by L S Douglatjb 
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with the belcmnitcs, but then shells were too pcnshable to have left 
an imposing lecoicl like that of the hcleninitcs It is inteicsting to 
note that an ink sac exactly like that of niorlcin squids was piesent 
in the Jurassic forms and that the pigment is sufficiently pieseived m 
some of the Lower Juiassic specimens mentioned above so that ink 
can still be made of it 

Solenhofen, a Remarkable Fossil Locality In the region about 
Solenliofcn, Bavaria, the Upper Jurassic locks include oiicular iccfs of 

sponges and corals within which 
thcic arc deposits of very pure, 
fine-textured limestone Foi gen¬ 
erations this stone has been 
quanicd and shipped to all parts 
of the world for the cngiav- 
ing of etchings and lithograph 
prints During this tunc the 
quarries about Solenhofen and 
lihchstadt have yielded more re¬ 
markable iossils than any other 
locality in the ivorld 
The flawless, fine Icxtuic of 
the Solenhofen stone, so essen¬ 
tial foi the reproduction of the 
lights and shades in lithographs, 
lends itself equally veil to the 
picscrvation of the delicate im- 
piessioiis of organic tissues It 
has thcrefoic given us a knowl¬ 
edge of many soft-tissucd Juiassic animals, such as jellyfish, and has 
pieserved impressions of the fleshy bodies of cieaturcs otherwise known 
only fiom their skeletons or shells From these quairics, for example, 
came all the known specimens of Jurassic buds The faithful impics- 
sion of their delicate feathers is a foitunate thing, for without this evi¬ 
dence it vould be difficult to piovc that Archseoptei yx was not a rep¬ 
tile Here also have been found specimens of pteiosaurs in which the 
form of the delicate wing and tail membrane (Fig 20) are pieserved 
with lemarkablc fidelity Among othei things rarely preserved clsc- 
wheie aic 8 kinds of jellyfish and more than 100 species of insects, 
including moths and flies Finally, very good specimens of the horse¬ 
shoe crabs (Lmmb/.s) occur here A total of 450 species of animals 
has been recovcicd fiom these quarries “ 



Fig 227 Crusta-ceana fiom tho TJpiiei 
Juia'jsic limo'ston.QS at Solenhofen, Bavaiia 
A, ghost-shiimp, Mecochirus, B, lobstei, 
Eiyma, C, a flaitoned, ciablike foini, Eryon 
Aftei A Oppel 
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Evidently these are the deposits ol lagoons within atolls that lay not 
far from the mainland The fossils include a dinosaui, 29 species of 
pteiusauis, and 3 buds On the other hand, thcie aic no fresh-water 
animals, and inaiine fishes and maiinc nivcitebiatcs (mainly crus¬ 
taceans and aiuinonitch) compiisc nearly all the fauna One lemark- 
able featuie of the deposit is that most of the oigamsins were not 
dismcmbeicd before buiial Theic norc ecitainly no scavcngeis liv¬ 
ing on the bottom, and the entombed ercatiu'cs n ero eitlici dead when 



Pio 228 Reoon^itniction of a bclemnito, daitiiiR backward and dischaiRiiig a smoke 
soioeuofmk Sucli animnla ranged fiom a fowinohcs to 5 01 0 foot m lonRlh Tliointoinul 
shell of a beleinnito la shown m PI 14, fig 8 

they were 'washed over into the lagoon or died soon thcieafter and 
were quickly buried by the fine limy ooze that spread m fiom the 
fionts of the reefs It is because of this quick buiial that the animals 
are so well picseivcd The flooi of the lagoon may have been in pait 
permanently submeiged and m pait only a mud flat covered twice 
daily by the tides 
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CRETACEOUS T[ME AND THE END OF AN ERA 

General Features. The mine Cretneeous (Lat neta, chalk) was 
fiist applied to the extensive loiinaLionH of chalk that foim the white 
cliffs on both sides of the English Channel (Fig 229) Giadually the 
term was extended to cinbracc closely related stiata of other lands 



Carl 0 Dunbar 


FiCt 221 Chalk clirfi) at St Maigaiet on the Stiiufe of Dovci, England 

until it included all the rucks between flic Jurassic and the base of the 
Cenozoic The Cietacoous has lluis bccnuic one of the gicatest geo¬ 
logic systems, wudely distnlmted in iiuuiy countries and coininonly 
very thick Considering the woild as a whole, tins was probably the 
age of greatest submergence of the continents and the most exten¬ 
sive epeiric seas the Eaith has knowm. 

It is remarkable that most of the chalk deposits of the Earth 
were formed during this single pciiod, yet othei types of sediments 
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laid down at this time vastly outbulk the chalk in most regions In 
tins respect the teim Cretaceous is a mi&nonicr, but it has ncvei had 
a rival since first pioposod in 1822, and is now m imiveisal use 

During the picsent centuiy tlicic have been vaiied attcniiits to sub¬ 
divide this great system into two, but no geneial agi cement has been 
reached as to a natural lino of scpaiation In Amciica, two subdivi¬ 
sions, Lower and Upper Cictacoous, aic coimnonly iccognizcd, how- 
evci, the ictieat of the sea fiom Kansas to southern Texas at the 
close of Early Cretaceous time may lie interpreted as an incidental 
though marked oscillation in a gicat cycle of continental submci- 
gence Moicovcr, in southern Europe and in Mexico, a thrcciold 
instead of a twofold division seems moic natural, and the planes of 
division do not accoid veiy well with those m the United States In 
any event, the Eaily Cietaeeous history may be looked upon as an 
introduction to that of the Late Cretaceous, and we shall here picsent 
the record as that of a single, long, and complex period 

Physical I-Iistory oir North America 
The Last Great Subnieujence 

Early in Cretaceous time the sea began to spiead over the continent, 
first from the Gulf of Mexico through the Mexican geosynclmo into 
the southern United States, next from the Arctic into the Rocky 
Mountain tiough, and finally across both the Pacific and Atlantic 
margins of the continent With an irregular and pulsing advance, the 
interior seas giadually united and submerged almost 50 pei cent of 
North America, foiming at tlicir culmination one of the greatest marine 
floods of all time (Fig 2305) The climax came shortly bcfoic the 
middle of the Late Cietaeeous epoch, and theieaftcr the mtenor sea 
retreated southwaid, was gradually silted up, and finally disappeared 
ncai the close of the period This was the last extensive submergence 
North America cxpeiicnced, for in Ccnoaoic time the continent had 
its piescnt outline and almost its picsent size. 

Atlantic and Gulf Overlap Marine Cietaeeous rocks, succeeding 
nonmaiine beds, unrleilic the ontuc Coastal Plain from New Jersey 
to Texas, proving extensive submergence of the picsent coastal belt 
duimg the caily paii oJ Late Cretaceous time These marine for¬ 
mations overlap across the land, in many places passing into biackish- 
water oi nonmarine beds in the landwaid diieciion, but grading into 
finer-grained marine strata toward the sea The sediments cleaily 
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carac fiom the picsent land mass and were spread cash^aid and soutli- 
waid over a shallow sea fluui like the picsont shelf 

kicrem is a sinking contiast with all the older inarinc deposits of 
eastern Noith Amciica, foi the lattci had spicad westward Lom the 
marginal land, Apiialachia, into a gcosynchnc that lay within the 
continent Some time duiiiig the Jurassic, eastern Appalachia had 
foundered beneath the sea, and now, /or the fir.st time in all the ages, 
the waves of the Atlantic were bieakincj against the marqm of the pies- 
etii continent Duiing Early Cietaccous time the old land of Llanoria 
also continued to sink beneath sealevel, and the Gulf of Mexico, 
spreading acioss it, began to take form, though probably as a much 
shallowci and far gicater seaway than at present Dining Late Cie- 
taceous time (Fig 230Z11 the head of the Gulf w'as at least as far 
north as Cairo, Illinois, that is, 600 miles farther noith than today 
Its western shoielme lay m ccntial Aikansas and Oklahoma, and its 
eastern inaigm eiiciroled the southern end of the Aiipalachian folds 
m central Alabama and Georgia, probably inundating all of Fluiida 
Also, most of the laigci Antillean islands. Central Anienca, and 
Mexico were submerged 

Filling o£ the Rocky Mountain Geosyncline. The bioad Rocky 
Mountain tiough was gradually submerged until it fouiicd a vast sea¬ 
way nearly 1000 miles wuclo and throe times as long, completely divid¬ 
ing the continent into two land masses (Fig 23071) Its flooding 
lecords a long and gradual diasti opine cycle, lor the slow submeigence 
was followed shortly by a long emeigence 

The sea occupied the Mexican trougli fiist, soon overlapping most 
of Texas It did not reach northward beyond Texas, howcvci, until 
towaid the end of Eaily Cietaccous time (Washita epoch), when a 
tempoiaiy pulsation sent it acioss Kansas, Nebraska, and Colorado 
into Iowa and Montana At about the same tunc the Aictic sea 
began to invade the northern end of the gcosynclme A considerable 
retreat, following this advance, made a break in the sedimoniary 
lecoi'd in both the northern and southern sequences, and this fact has 
been used by some geologists as the basis for separating the Lowei 
fiom the Upper Cietaccous as a distinct system Tlic placing of so 
much emphasis on this break, however, has not been widely accepted, 
and wo lieie retain the old view, regarding the Lmvci and Upper 
Cretaceous as of one peiiod iSoon after the middle of the pciiod 
(Fig 230B) the southern and noithcui cmliaymcnts met and 
flooded the entiie region of the present Rockies and the Great Plains 
Even the granitic domes of the Colorado Mountains were submerged 
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in a bea that sti etched from central Utah and southeastern Idaho 
to the plains of casteminnsL Minnesota and central Iowa 

Soon aftei this inaxinmm inundation the noithein end of the gco- 
synclme cmciged, and the gicat ejicme sea began a southward rcticat, 
hastened by the lapid filling of i(s basin with sediments which poured 
m, m cvci-iiicicasing volume, finni using highlands faithei west 
The final retieai of the sea tiansfonncd its old flooi into a vast 
swampy lowland over which the weslein si reams spicacl thick nun- 
maiine sediments during the closing stages of the period In the 
swamps of this lowland aecuinulated the vegetation that was to make 
the vast coal beds of the latest Cretaceous foimations of the Rocky 
Mountains region fiom Alhcita to Mexico 

Pacific Coast Overlap West of the Rooky Mountain gcosynchnc 
lay the Mcsocoiddleran geanticline (Fig 23QB) which had iiscn into 
mountains at the close ol the Juiassic Still farther west thcic was 
a coastal belt involving much of the old Pacific Coast gcosynchno of 
California and the westcin ]iait of British Columbia Appaiently, 
Cascadia was being submeiged oi had already subsided, and the Pacific 
shelf sea was spreading ovei the coastal belt from the peninsula of 
Lowgi Cahlornia northward to Alaska This region m Caliiornia was 
further broken by numerous noith-soiitli faults, and the unequal but 
lapid subsidence of some of the nanow fault blocks quickened the 
accumulation of vciy thick deposits of dctiital sediments 

Continued Rii>e of the McsocmdiUeran Axis 

The Mesocoidilleran gcanlichnc was a rather nairow but lUgged 
land mass thioughout the peruid, shedding gicat quantities of detrital 
sediments both west and cast At the beginning of the peuod it was a 
bold mountain chain, and Ihc effects o[ latci denudation were largely 
countciacted by repeated though iriegular uplift, as the bordeimg 
geosynclmc on the east deepened Much of this uplift may have been 
of the natuic of gentle ivarpmg, but Ihcic is evidence of shaip uplift 
with some folding and maikcd volcam&m m Cahfoinia about the close 
of the Eaily Cretaceous 

The geanticline must have bristled with active volcanoes duiing 
much of the pei lod, and especially during the last half, for there are 
many hiyeis of bentonite (a lock made ol alleied volcanic ash) inter- 
bodded in the Cretaceous foriiiatiuns of the iioithcin Great Plains 
which bear witness to heavy falls of volcanic dust that spread cast- 
waid as fai as Nebraska and Kansas 
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Latamide Revolution and the Birth of the Rockies 

Extender! crustal unrest marked the closing stages of the Mesozoic 
era in many paits of the woild, but nowhere with more profound and 
fai-ieacliing effect than m the wcstcin half of Noith Ameiica At 
this time the flooi of the great gcosyncline, so recently covered by the 
Cretaceous sea, became the scene of folding and thrusting on a colos¬ 
sal scale, lesulting in the Rocky Mount am system (Fig 2300 The 
oiogenic belt stretched liom Alaska to Mexico It involved a legion 
fully 3000 miles long, and in the United States it had a maximum 
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Fill 231 Scotion acioss the Float Range ncai Deiivei, showing its tiKhecl stnicUiic 
tind suggesting the amount of oiosron that has ooruned since the hegaii After 
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width of 500 miles, extending from eastern Colorado to eastcin Nevada 
and ccntial Idaho It was clcaily the most fai-flung oiogcny that 
North America had expciicnced since Pic-Cambiian tune, and clc- 
seives to rank as one of the gical revolutions It was long ago 
named the Lai amide i evolution, after tlie Laiamic Range in Wyo¬ 
ming 

Nature and Extent of the Disturbance Although the icgion has 
since suffered much erosion and has gone through a Late Cenozoic 
revolution, the Cretaceous structures arc still as a lule clearly shown, 
and we can leconstruct the Late Cretaceous mountains in considciable 
detail 

The oiogcnic foiccs at woik biought about a great regional com¬ 
pression from the west The resultant structuies diffeied gieatly m 
divcisc parts ot the icgion, depending, imcloubtorlly, upon the nature 
and competency of the rocks involved, and, to some extent, upon the 
icgional relation to the moving forces Figuics 231 and 232 will aid 
in picsenting the lesults of the orogeny (Sec also Fig 2G7, p 416 ) 

In the Southern Rockies the dominant structures were great open 
aichcs The Front Range an Coloiado and southern Wyoming is one 
of these, and anothei, lying paiallcl to it on the west, is represented 
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by Ihc Piiik and Sawatch ranges Between these lies a major syn¬ 
clinal lold still lecogmzalile in the “Parks” (North, Middle, and 
South) of Colorado and in San 
Luis Valley Farther northeast 
in the Plains weic foiincd the 
domelike niches of the Black 
Hills and the Big LTorns West 
of the Coloiado Rockies lay the 
great lesistant mass ol the Colo¬ 
rado Plateau, which remained 
almost undofoimod Between it 
and the Fiont Range wcic one 
or more great thrust laults, the 
best known lying along the Iroiit 
of the Sawatch Range 
The Middle and Noithcin 
Rockies were involved in thrust 
faulting of gieat magnitude 
The tiace of the better known 
of these faults is shown m Fig. 

232 The Lewis thrust along 
the fiont of the Montana Rock¬ 
ies 18 illustiatcd in Pait I (p 
467) Heie the tliick Protcio- 
zoic stiata wcie diivcn oastwaid 
many imles over the Crotacoous 
locks of the Plains, on a fault 
that has been tiaoed for more 
than 50 miles noith and south 
and may be continuous with a 
similar great thrust west of 
Groat Falls, 100 miles to the 
South The east front of the 

Absaioka Range east of Yellow- 333 Trace of the faults 

stone Park is defined by anoihei pxoduced by the Lai amide levolulion 111 the 
FmiU TT X tvt i OordiUetan legion. Aftei G K Mansfield, 

fault, the PIcart Mountain u S Geological Suivey 
thrust, which is tiacoable foi 

probably 125 to 150 miles and has an eastwaid displacement of at 
least 28 miles Groatei still is the Bannock thiust ol southeastern 
Idaho, which has been traced for 250 miles and has caiiied Cambiian 
and Ordovician rocks up over those of Pennsylvanian and Triassic ages 
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in an casLward overthrust of at least 35 miles This is but one of sev¬ 
eral g,icat till lists m southcastcin Idaho, and otheis arc known in 
northern Utah and especially m southern Nevada, wlicrc a senes ot 
low-angle faults, dipping wcstwaid, involve the Juiassic and oldci 
locks in a region irhciG CietacenuK sediinoiits weie not present 

West of this gieat licit ol thrust faulting, the Cretucoous structuics 
are now largely obscured by the Ccnozuic formations in the Gicat 
Basin and the lavas of the Columbia Rivei 
plateau The entne Pacific coastal belt was 
also uphtted enough to be completely cmei- 
geiit, for there is a gieat stratigiaphic bieak 
between the Eocene and the Cretaceous m 
that legion, but such deformation as Llieie was 
must have been of the nature of regional up- 
waiping 01 faulting, lather than folding 
Early in the Ccnozoic those great stiuctural 
troughs (leumants ol the Pacific Coast geo- 
synclme) now seen in the Gulf of Cahfoima, 
the California trough, and Puget Sound be¬ 
gan to take lorin as a result of normal faulting 
Volcanism Volcanoes wcie active intei- 
mittently on the old Mesocoidillcian geanti¬ 
cline throughout the later Cretaceous, and to¬ 
ward the end of the period they spicad faither 
cast over the rising aieas There is much 
volcanic agglomerate in some of the uppeiraost 
Cretaceous beds near Denver which must have come from vol¬ 
canoes in Coloiado In fact, it is probable tliat during the Laia- 
micle 1 evolution eveiy state west of the Great Plains had its active 
volcanoes 

During the crustal movements granitic batholiths were intruded m 
several regions The most notable of those arc the great Idaho batho- 
lith (Fig 233), whose eroded summit is now exposed ovei an aiea of 
16,000 squaie miles m central Idaho, and the Boiddei bathokth, which 
underlies the region between Butte and Helena, Montana, and in which 
the great copper deposits of Butte weic formed somewhat latci 

Date of the Laramide Orogeny It iniisi not be supposed that a 
levolution so vast and complex was accomplished in a short time, even 
geologically speaking, or that the movements wcic stiiclly synchio- 
iious 111 all parts of the Coidilleran legion Although the climax of 
the orogeny natuially dcteimined the end of the Cictaceous period, 



PiQ 233 Late Cieta- 
oeous batholiths The largo 
area is the Idaho batlio- 
lith, and the axea soutli 
of Helena is the Bouldoi 
batliohth Smallei inti u- 
sions are exposed about 
Butte 
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this V’as hardly u poiiiL in tiiiif bul iiithui' a jiliaao in a great dia- 
stropliic cycle, and it caine king alLci the ujilift had begun Mean¬ 
while, Llie latest (d the CietaecnuH scdiniciits were iicciunulating on 
the flanks of the using inounUiinK or in the inlennont basins, More¬ 
over, such gieat forces as (hose involved ni the buililuig of the Rockies 
were not all bi ought to re.st at once 

As the moving (oices aeeiiniiilated, the sea flooi buckled and local 
anticlinal folds aio.se as isliuids long belore the sea had vanished 
Evidence for Lius may be seen, for example, in southeastein Wyoming, 
wheic the k'losaverde foinuitioii of late (but not latest) Cretaceous 
age locally includes an erosion cluuinel some 200 feet deep filled with 
sandstone and congloincuitc, in which sonic of the boulders aie of the 
Cleverly and Mowiy foiinations tlial lie some Ihoiisands of feet lower 
in the section, ami the Medicine Bow foimation (very late Cicta- 
ceons) includes bouldeis ol the Pre-Canihiian granite floor These 
localities arc almost m the ceiitei of the gcosynchne, and since such 
coarse material could not have tiavelod far, it implies local uplift and 
deep ciosion of the rnsing inas.sc& in the midst of the icgion of depo¬ 
sition 

In the ciitically studied AVa.sateli region to Lhc' nortlicast of Salt 
Lake City, eight stages of deioimation have been lecognizccM The 
first came at the close of the Juiassie oi some time eaily m the Gicta- 
ceous and produced local liiglilands in wcslcin Utah. Thus is in- 
fcriecl from the cliaraeter ot the oldest Cietaceous formation of the 
Wasatch region, which lieguib with 700 feet of congloinciates In 
these the bouldeis iiiciea.se in coarscneb,s and in abundance towaid 
the west, and include fossilifcrous pieces of Paleozoic formations that 
could only have been laid baie by uplitt and deej) ciosion This up¬ 
lift may have been connected with the Nevadian rather than the 
Larainidc clistui bance 

A second and niajoi distuibanco, m the midst of Late Cretaceous 
time, icsultcd m east-west folds whore the Uinta range later devel¬ 
oped Erobion of tliesc folds truncated sonic 25,000 feet of beds winch 
wcie unconfoiinably covered by latci Cretaceous deposits (the Hcnefci 
foimation) Tins ilc]iobitioii continued to the end of the Cretaceous 
(possibly caily Paleocene) and was follmvcd liy the climax of defor¬ 
mation that produced laige-scalc thiu.st lanlting (Willaicl thrust) 
Sliaip local folding occurred dining Middle Paleocene time, and more 
gentle warping followed the Lowci Eocene and was repeated m the 
Oligocene epoch 
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Movement continued along some of the great thrust faults until 
long after the beginning of the Ccnozoic, dying out in the Eocene 
or possibly in the early Oligiicene Just as the inovcinents began 
earlier in some regions than in others, so also they continued longoi 
in some of the ranges than in othcis Likewise, the volcanism con¬ 
tinued with iiregulaily decreasing vigor into the Ccnozoic, and m 
many places it is not now possible, after extensive ciosion, to dis 
tinguish clcaily between Late Cretaceous and Early Ccnozoic vol 
canics The pi oti acted natuic of these orogenic movements still fui-' 
ther complicates the difficult pioblem of fixing the boundary between 
the Mesozoic and Ccnozoic locks in the Coidillcian region The 
problem is discussed on p 375 

Late Ceetaceous Orogeny in Other Continents 

During both the Paleozoic and Mesozoic theic existed along the 
western side ol South America a great Andean gcosyncliiie, 'which 
received thick sediments flora a wide and repeatedly using bouleiland 
to the west During the last halt oi CictacooiN time this gensyncline 
was folding and using into a great mountain chain that was com¬ 
pleted at the end of the Mesozoic. Beginning east of Tiimdad, off 
Venezuela, these mountains extended soutlnvostwai d into Colombia 
and thence southward to beyond Cajie lioin, a distance of nearly 
5000 miles They weic the South Anieiican countei'iiuit of the Rocky 
Mountain system 

Standing athwart the course of the Rockies and the Andes is the 
Antillean mountain system of Central Ameiica, also formed at this 
time, following the trend of the Gicatci Antilles 

Stratigraphy of the Cretaceous Rocks 
Atlantic Coastal Plain 

Cretaceous foiinations undeilic tlic Atlantic Coastal Plain from 
New Jersey southward and foiin a wide belt ul outciop whcie not 
overlapped by Ccnozoic beds They aie mostly sands and clays, 
disposed m nearly flat-lying beds that dip very gently seaward Foi 
the most pait, they aic only slightly indurated, ilic clays being soft 
and the sands loose and friable, but locally the sands arc solid enough 
for building stone 



CRETACEOUS TIME AND THE END OF AN ERA 


369 


The eiRiie system is less than 1000 feet thick in the outcrop belt, 
whoi'e it thins and laps out against the land It thickens down dip 
and piobahly i caches its full thickness some distance off shore, as 
shown by a well drilled in 1946 at Cape Hatteras, approximately 100 
miles east of the Cretaceous outcrops This well icached the base 
of Cietaceous strata and jicnctrated gianite at a depth of 9878 feet 
Both Lower and Upper Cietaceous loiuiations arc iii the maiine facies 
at this locality - 

Lower Cietaceous foimations aic all nonraarinc in outcrop, and 
exposures aic piactically limited to the Chesapeake Bay legion and 
New Jersey The shoielinc was clearly farther cast than the picscnt 
ouLciop belt The Lowei Cietaceous begins with basal sands that 
are coarse and giavcdly, commonly aikosic, and gencially cioss- 
hedded Sands and clays altcinate and also giadc latcially one into 
aiiothei These Icaturcs, along witli the fossil land plants, cioco- 
chlcs, and fragmentary dinosaur leinains, indicate deposition by 
streams on a low coastal plain Daik, lignite-beaimg clays iccoid 
local swamps, wliorcas hiightly coloiccl and vailegated clays, such 
as those extensively exposed about Baltinioie, wcie deposited on well- 
drained parts of the landscape 

Uppci Cretaceous formations overlap and laigely conceal tlic Lowei 
Cietaceous south of Chesapeake Bay and loim a wide belt of out¬ 
crop along the inner maigm of the Coastal Plain most of the rvay 
from New Jersey to Gcoigia They resemble the Lowci Cretaceous 
foimations in being dotrital and idatively unconsolidated, but arc foi 
the most pait marine The higlier formations include extensive de¬ 
posits of “greensand mail,” which is composed of sandhke gianules 
of glauconite, a silicate minoial rich in potassium and iron Before 
the discovery of rich potash salt deposits in the Permian of Germany, 
the New Jcisey greensand was extensively quaiiied for the extrac¬ 
tion of potassium used in the manutacturo of feitihzer Curiously, 
gicensand, like chalk, is more abundant in Cietaceous rocks than in 
any other system, though by no means confined to them The gieat- 
est deposits aie in New Jersey, hut much glauconite occurs farther 
south, even in the Cult Coastal Plain In the Lower Cietaceous of 
western Europe, also, glauconite is so common that a considerable 
series of these strata is commonly known as “The Gieensand ” 

Eastern Gulf Region 

From Georgia to northern Mississippi and western Kentucky the 
Upper Cietaceous overlaps on the Paleozoic and oldei rocks, covering 
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the Lower Cretaceous foimations completely Heic the Upper Creta¬ 
ceous attains a thickness of 2000 feet or more (Fig 234) Although 
it begins with nonmarine sands (Tuscaloosa foimation), it is largely a 
marine deposit, and m eastern Mississippi and western Alabama the 
upper 1000 feet is a soft, aigillaccous limestone known as the “lotten 
limestone” or the Selma chalk (Fig 235). Eastward, in Georgia, the 
limestone changes into shale and sands, and to the westwaid the 
“chalk” also becomes more muddy and grades over into a thick ma- 


/ ? 3 4 5 



Fig 234 Cioss-Siootion nt the Upper Cretaceous foi nmtions of ttio e.istci n Gulf Coa&tal 
PIqui, showing facies changes along the stiilco Aa indicated by the inset, the soclion 
runs noaily south fiotn western Teiincasoe to eaat-centiul Mississiiipi and then swings 
eastward to contial Georgia The cential pait was deposited fai thoi fioni the Cietiuoous 
shoieline than either end, and deposition began Iheie hist Veiticid .scale gieatly exag¬ 
gerated Adapted fiom L VV Stephenson and fioin Watson TI Moiiioe, U S Geological 
Survey 

line shale known as the Ripley (Fig 236) Still moic to the west 
and north, tongues of sand interfinger into the shale, and the foimation 
grades laterally into the McNairy sandslone, which in places bears 
abundant fossil land plants 

In short, three types of sediment weie foimmg simultaneously in 
the eastern Gulf region during latei Cretaceous time (1) sands and 
silt in western Tennessee and Kentucky (also m Arkansas), (2) silt 
and mild in northern Mississippi, and (3) calcareous mud farthei 
south and east Here is a paiallcl to modern conditions, wlicrcm sand 
and mud aie being laid down on the floor of the Gulf near the mouth 
of the AIississippi Rivei, while fine mud spicads laiLhci cast and 
limestone is forming in the cleai shallow waters aliouL Floiida The 
AIcNaiiy sandstone rcpicscnts pait of a Cretaceous delta formed by 
sticams foreshadowing the picscnt Mississippi Rivor system, and, 
since the sand.s spread raoie and moie wiflely as we ascend m the 
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&enes, we may infei that the delta was growing southward toward 
the rlose of the penod 

All of Florida now has Cenoznic strata at the surface, but deep 
wells indicate the piesence ol Upper Cictaccous torinations resting on 
Yciy ancient locks A recent deep well m western Florida (Jackson 
County) went tliuiugh more than 4000 feet of Upper Cictaccous stiata, 
and anotlici, 50 miles west of Miami, near the southern tip of Florida, 
penetrated 2276 feet of Upper Cietaceous and 1900 feet of probable 
Lowci Cretaceous, stopping in supposed Lower Cietaceous at a depth 
of 10,006 feet 

Western Gulf Border and the Corddleran Region 

Comanche Senes The Mexican sea giadually extended noithward 
across Texas, depositing inarino formations lai and wide ovei the west¬ 
ern Gulf bordei and m tlic Rocky Mountain tiougli Tire Lower 
Cretaceous has a grand dcielopinciil in Texas and Mexico, with 4000 
feet ol iichly fossilifeious Imicstones and mails in the hitler country 
and about 1500 feet iii suiithein Texas These toimatious constitute 
the Comanche seiics, so luuiicd for the many outciups in tlio ancestial 
home of the Comanche Indians Neai ly nnc-halt of the vast domain 
of Texas is covered vith either Lower ui Upper Cietaceous loima- 
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235 Typical exposute of the Selma chalky Jones Fluffs Tmkghee Rzvet^ 
Alabama 
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tionh, and tlie marine iccoid is hcic the nio&t complete in the Uniled 
States Moie than hall of the mineral wealth of Texas (largely 
petioleum) is now piodiiced hum these locks 

The Comanche formations arc almost entirely hiucbLunc in eastern 
and ccntial Mexico, bnt in Texas and Aikansas they guide over into a 
neai-shore facies of calcaicoiis shale, sandstone, and Lhm-bedded 



Fig 236 Outciop of Ripley shale showing a shell "bank” made by GrypJuca conveia, a 
1 dative of the oystei Near Coiinth, Missibsippi 


limestone Only the uppermost beds were involved in the ovcilap 
acioss Kansas and Iowa, and there they arc shales and sandstones, 
fluvial in part It is significant also that detntal sediments thin out 
giadually in their oveilap on the old lowland towaid the north, 
whereas in southeastern Arizona (at Bishce) they thicken to 4700 
feet and include thick conglomerates and much sandstone 
The influence of the Mesocordillcian highland is evident hcie as 
well as in noithwestern Mexico, whcie the Cnmanclic foiinations are 
thick (3000 Icct in northeastern Sonora), detntal, and coal-hcaimg 
There is anoLlici notable Lower Cretaceous development in the 
Rocky Mountain tiough of Canada The seaway responsible foi these 
beds was an extension from the Arctic which began to invade Canada 
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Fi^ IV East jlank of th Front Range mat Diimt, iliomug kglmkt of Oeta- 
uotit and oldei \tiata upatchtd hy the Latamtdt levohiim An atttal cm look- 
tag nmth, ftom an altitude of 7100 feet The peat hogback m the fottpomid ii 
foimed of Dakota sanditoiie, and thoie m the middle dittance at the left ate of 
Femsylvaman (Feantatn) tandstom The tmuntaitu at the left me of Pie- 
Camhtan gianite Lotigt Teak u at the hoiiz/m put left of the centei of the meto 


in the middle of Eaily Cretaceous time, and finally, early m the Late 
Cretaceous, united with the transgi essiaj!, wateis from Mexico In 
souLhein Albeita the Lower Cretaceous foimations aic largely of fresh- 
watei origin (Kootenai and Blainiioicl, but those of the Uppei Cre¬ 
taceous aie largely marine 

Upper Cretaceous Senes The Upper Cietaecous foimations 
underlie all the Gicnt Plains and much of the Rocky Mountain 
legion, genoially exceeding 2000 leel in thickness m the cast and at¬ 
taining a maximum in westein Wyoming of about 20,000 feet Then 
stratigi a]ihiB lelations are complicated by the facts that the sedi¬ 
ments were coming laigely from the westein highlands, and that 
flora time to tune vast deltas or alluvial coastal plains weie devel¬ 
oped along this side of the tiough, while finer-gramed maiine sedi¬ 
ments wcie accumulating farther east acioss the geosyncline This 
resulted in an inteifingeimg into the maiine section of gieat wedges 
of continental deposits from the west, bearing the lemains of land 
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plants, coal beds, and dinosauib (Figs 238, 239) Flence the litho¬ 
logic chaiacters and the divisions lecogmzcd in one area do not agiee 
with those ol anothci, and only the laigci groupings can be presented 
hole In general, however, four great divisions aic recognizable, the 
Dakota sandstone, the Colorado gump, the Montana group, and the 
Laramie group 

The Dakota sandstone is the basal uieinbei of the Upper Cretaceous 
over a very large area Altliougli generally between 100 and 400 feet 
thick, it persists undci most of the Gicat Plains and outcrops in strong 

NW SE 




Pig 2d8 Idoalized tioss-aoolion of the Montana Rioup of tlie Upper CiGtareous sys¬ 
tem, fiom sontliGin Alboila (A) to the lllack Hills of South Dakota (B), showing the 
mteifinKGung of the inaiiiie shales (unshaded) with tongues of sandstono (shpplrd) fiom 
the west The Viigollo, Hoisothief, and Fox lliils sandstones luo shallow-watui mnnno 
deposits, but the Belly Rivei-Iudith Hivei beds aio floodplain and delta deposits, beanng 
land plants and dinosauis Length of section 700 miles, a eonsidei able length of the 
middle pait being deleted Adapted fiom E Stobiiigoi, U S Geological Sinvey 


hogbacks (Fig 237) along the front of the Rockies and about the 
Black Hills It IS the chief horizon for artesian watci in the eastern 
Great Plains and is one of the gieatest water icseivoirs known The 
Dakota sands aic rusty, uiegulaily bedded, and generally cio,ss-lami- 
nated, they include much silty shale an<l grade laterally fiom thick 
sand beds to shale in an irregular lashion No marine fossils arc 
present, but leaves of land plants aie locally abundant The foima¬ 
tron was evidently spread over the floor of the gcosynclinc by aggrad¬ 
ing bti earns m advance of the seas that were transgiessing from both 
the south and the north 

The Colorado group (Figs 230B, 239) includes fine-grained maiinc 
strata undci the Gicat Plains, the lower part being dark gray shales 
(Benton) and the upper part a soft argillaceous limestone known 
as the Niobrara chalk The chalk is of interest as the souice of many 
striking veitebrate fossils, notably the large diving buds, the gieat 
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marine reptiles and fishes, and the greatest of all pterosaurs Traced 
westward thiough Colorado and New Mexico, the limestone passes 
into shale, which in many places becomes sandy Finally, ni the 
Black Mesa coal fields of northoastcin Arizona, the iippei half of the 
gioup has gone over into massive cliff-formmg sandstones with im- 
poitant coal beds 

The Montana (jioup is rather simple in the central and eastern 
Gieat Plains, whcie it consists of a thick but veiy fine-giained maiine 
shale [Piene), capped by a shallow-watei inannc sandstone [Fox 
Hills) Northwestwaid, however, the marine shale is divided by 



Fitf 239 lloafcoied section of the Uppoi Cret.iteous formations of the Rocky Moun¬ 
tain geosynolme, sliowing the mtoitonguiug of thick noninanne saiidstoiios fiom. the 
west (.stippled) into the marine deposits Voitical scale gieatly exaggerated 


wedges ot noninanne sandstone and shale that thicken steadily 
toward the old shoreline at the expense of the marine shales These 
arc dinosaur- and coal-bcanng deposits, repicseiiting deltas or coastal 
plains formed m front of the rising land mass of the Mcsocordilleran 
geanticline (Fig 238) 

The Lmamie gioup includes soveial thousand feet of noninanne 
coaise deliitals spread over the floor of the gcosyiicliiie by aggrading 
stiearns after the sea had withdrawn It was named foi the Laiainic 
basin in IVyoming, whore it is very thick, as it likewise is in the Den¬ 
ver basin of Coloiado, the Big Horn basin of Wyoming, and the west¬ 
ern part of the plains of Wyoming and Dakota, but it thins gradually 
towaicl the cast in the Dakotas Theie is also a laige aica of these 
deposits in the plains of Albeita 

Fossil land plants aie ahunclaiit, and the last of the dinosaurs arc 
represented by many fine skeletons, but no marine fossils aie piescnt 

The Laiamie gioup has given use to one of the two most prolonged 
controversies in the histoiy of American geology The land plants arc 
remarkably modem in their aspect and weie believed by the early 
paleobotanists to be of Cenozoic age The dinosaurs, on the contiary, 
aie clearly allied with Cretaceous types and are quite unknown any- 
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'where in undoubted Cenozoic rocks Not a bone of any dino&aur has 
been found in the or'erlying Fort Union formation Accordingly, some 
paleobotairists wished to draw the Mcsoisoic-Ccnozoic boundaiy line 
below the Laramie, and the vertebrate paleontologists placed it above 
(some, even above the Foit Union) As the controversy became more 
acute, structural evidence was sought, but unfoi tunatcly, m the area 
whcie fossil vertebrates are common, no clear angulm discordance is 
known between the youngest undoubted Cietaceons bods and those 
that aie cleaily Ccnozoic Erosional unconfoimitics were lound both 
below and above the Laiamic (and m the Foit Union as well) in vari¬ 
ous localities, but such unconformities occiii at many horizons in the 
nonmaiine beds of the region, and the time significance of any pai- 
iicular one is problematical 

Closely allied in natuie to the Laramie, and overlying it, is the Fort 
Union formation of fluvial sandstones and shales with abundant land 
plants, many mammal bones, and coals Its jilants liave close affini¬ 
ties with those of the Laramie, but it has not a tuicc of a dinosam 
Rcstudy ot the fossil plants of both Laiaraie and Fort Union siiaia 
has recently pioved that they are really quite ihsLinct, much of the 
oldci confusion having losultcd fiom the mixing of Fort Union and 
Laramie collections because the stiatigiaphic boundary ivas not coi- 
iGctly un del stood '* Tho evidence of fossil plants thci cl ore now agrees 
with that of the vertebrates as to the Crctaceous-Cenozoic boundaiy 

Beds identified as Foit Union stiala m the Big Horn basiii have 
recently yielded four distinct zones of mammalian fossils which show 
a definite correlation with the oldest Ccnozoic (Palcoccne) foimaiions 
The details are picsentcd m Chapter 17 

California and Biitish Columbia 

As portions of California subsided aftei the Nevadian disturbance 
at the close of the Jurassic, coarse detrital sediments from the moun¬ 
tains poured into the basins and accumulated rapidly and to great 
depths The Lowei Cietaceous stiaLa, known as the lioisetown joi- 
mation, commonly reach a thickness of 10,000 feet and at a iiiaxiinum 
exceed 26,000 feet along the west side of the Sacramento Valley in 
Cahfoinia Recently the volume of the dotriial Cictaccous deposits 
(mostly Lower Cretaceous) in that valley has been estimated at 13,- 
400 cubic miles Fossils are sparse, and tlie inalciial is partly of 
brackish- or fresh-uatcr deposition, but maiine fossils aie scattered 
through the section and live distinct launal zones prove that all the 
major divisions of Lower Cretaceous Lime are lopresented 
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The early half of the Late Cretaceous is lepiescnted m California 
by the Chico formation of sandstones, shales, and conglomerates, hav¬ 
ing a thickness of scveial thousands of feet The same formation is 
thick and coarse all along the coastal belt of Biitish Columbia from 
Alaska to Vancouver Island, meas- 
ming 5000 feet thick at the latter 
place and 11,000 feet in the Queen 
Chailotte Islands, whcie thcie is 
much volcanic matciial 

Mineral Resources 

Coal In the Late Cretaceous 
and Early Cenozoic (Fort Union) 
rocks of the Rocky Mountain region, 
there are more than 100,000 square 
miles of coal-beanng lands (Fig 
240) Those fields have an esti¬ 
mated reserve of almost 900,000,- 
000,000 tons in beds more than a 
foot thick and within 3000 feet of 
the surface However, most of this 
coal is of low rank (either bitumi¬ 
nous 01 sub-bituminous) and docs 
not now compete to any consider¬ 
able extent with the older coals out¬ 



side the Rocky Mountain region 240 CVeUceous and early Cono- 

Locally, where the inctaraorphisni zoic coal fields of the Rocky Mountain 
1 1 legion After M R Campbell, U S 

IS seveze or where igneous locks Geological Smvey 
have invaded the Coal Measures, 

as in the Crested Butte field of central Colorado, anthracite is 
rained 

This coal varies in age from field to field In the Black Mesa field 
of northeastcin Arizona it is in the basal pait of the Upper Cretaceous, 
but by far the greatest part is in the Laiainio group at the top of the 
CictacGOUs and in the Fort Union at the base of the Ccnozoic Con- 
sideiing the region as a whole, the Foit Union is probably the greatest 
coal-bcaimg horizon In the Anthracite-Crested Butte fields of Col¬ 
orado, the coal is of Laramie age 

Coloi ado is now the leading coal producer among the western states, 
but IVyoming appears to have far greater reserves In the Crowsnesi 
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Pass region of Alberta, thoic are extensive coals in the Lower Cre¬ 
taceous (Kootenai) strata, and whoie these rocks have been seveiely 
folded it :s estimated that some 400,000,000 tons of the coal arc an- 
thiacitc 

Petroleum Gietaccous rocks have been an impoitant souicc of oil 
and gas in several parts of Anieiica They aie the chief hoiiznn of the 
Alexican oil holds and for many years kept that countiy in the fore¬ 
front as one of the thiee greatest oil produccis m the world Phenom¬ 
enal gnslieis like Ceiio Azul No 4 in the Hiiastcca field, wdneh jetted 
1 ,000,000 ban els during its first neek of flow, seem to have deiived 
their oil fioni cavcins m the Lower oi Aliddlc Cietaceoiis limestones 
Venezuela lias also produced much oil fioin the Cictaceous, and Ai- 
gentina a smallei ainouiit In the United Btates, Cretaceous pinduc- 
tion supplies the gieai Salt Cieek field of Wyoming and many others 
in that state, Montana, and Coloiado The iicliest of all the North 
Aincucan fields was hi ought in duimg 1930 in the Cretaceous locks 
of eastern Texas, wheic an old beach deposit of the ovoiLiiipiiig Upper 
Cietaceons was found to be satuiatcd with oil over an area Ay, miles 
wide and 38 miles long The extiaordmary yield from this aiea led to 
the overpiodiictinn of 1931-1932, wduch was followed by enforced cur¬ 
tailment of the oil output m Oklahoma and Texas 

Gold, Silver, and Other Metals Metallifeious deposits were 
foimed wudely thioughout the Rocky Mountain region as a by-pioduct 
of the Igneous activity that accompanied the Laraimde ievolution 
The copper, zmo, and silver veins of Butte, Montana, the most iichly 
minciahzed di&tiict in the world, weie formed at this time Mmciah- 
zation has lecuned at different epochs m diffcient mining legions 
duiing the late Cenozoic, so that it is impossible at piescnt to gen- 
eialize and say how much of the imncial wealth of America should 
be attiibuted to the late Cretaceous events, but the gross value must 
be veiy great 

Climate 

The general temperature seems to have fallen somewhat after the 
Nevadian distuibanco, foi leef corals weie moic lostncted in the Early 
Cretaceous than they had been in the Jurassic Morcovci, in the 
imcldlc pait of the Early Cretaceous (Aptian time) the highland 
plateau of eastern Australia appeals to have been ice-cappcd, with 
glacieis flniviiig westward into the sea In any event, icebeigs diopped 
into the intciior sea well-striated stones in sizes ranging up to 6 feet 
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across, and these erratics are known through some 600 miles of out¬ 
crops ^ 

With the gieater spiead of the seas m eaily Late Cretaceous time, 
the climate giadually became mild and equable over most of the land 
surface of the Earth, especially during the latici part of the period 
Upper Cietaceous rocks pieseive, even in high latitudes, abundant 
remains of land plants belonging, to genera now icstrictod to waim- 
temperate or subtropical regions In central-western Giccnlancl, for 
example, the Cretaceous beds contain figs, breadfruits, cinnamons, 
laurels, and tree ferns, and in Alaska they have yielded cycads, palms, 
and figs Although most of these are commonly thought of as strictly 
tropical trees, each of the genera has ieprescntativcs in the temperate 
zone, and it is not necessary to conclude, as some have done, that 
tropical climate extended into polar latitudes Nevertheless, there is 
sufficient evidence for rnamtaming that Greenland was without an 
ice cap and that the climate there was Llion tciniiciate rather than 
frigid 

The abundance of the great dinosaurs in Allioita and Mongolia 
duiing pait of the Cietaceous seems to iiniily a very imld temperate 
climate at least that fai noith 

There was apparently a marked drop in the tcinpcratuie of western 
Noith Ameiica after the Laramide revolution, how'cver, for exLcnsive 
mountain glacieis existed in the San Juan Mountains of southwcstein 
Colorado in early Ccnozoic time This may have been an impoitani 
facLoi in the extermination of the dinosaurs and other chaiacteristic 
groups of Cretaceous land animals 

Life of Cretaceous Time 
Spread of Modern Plants 

Deciduous tiees suddenly became conspicuous in the Eaily Cieta¬ 
ceous, and long befoie the close of the pciiod dominated the landscape 
m all the continents, just as they do today Among the oldest of these 
wcie the magnolia, fig, sassafras, and poplar, all of which appear in 
the middle Lower Cretaceous deposits By the middle of the period 
the forests were essentially modem, including such trees as beeches, 
birches, maples, oaks, walnuts, planes, tulip trees, sweet gums, biead- 
fniit, and ebony, along with shrubs like the laurel, ivy, hazelnut, and 
holly (Fig 241) 
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With these, of course, theie were eveigiecns, just as now, but they 
no loiigci dominated the landscapes as they had clone during the carhei 
Mesozoic Among the conifers a conspicuous type was the sequoia, 



Fig 241 Cietaoeous plants A, Andiomcda smvex, a lelativo of the rhododendrons, 
B, Magtwha pseudoaciiminata, C, Sahx lesquereiiri, a willow, D, PojmliitH elegant, E, Ficus 
lanccolala-acuminaia, a fig, F, BetuhUs wash IcdtfohuSt a biich, G, Sastiafra^i pamfolium, 
a sasbafias Aftei E W Beny and L F Waid 


although none aic known so large as the modem giants of Califuinia, 
it IS intoiesting to note that the lace was widely distiibutcd ovci the 
northern hemisphere at this time 

Most deciduous tiecs belong to the angiob-perma, the highest order of 
the plant kingdom and the one that includes all the true floweiing 



CRETACEOUS TIME AND THE END OF AN ERA 381 

plants (exceptions are certain gymnospeims, such as the gingko and 
the larches) Besides the hardwood trees inoiitioned above, this order 
includes the gi asses and cereals as well as the seed- and fruit-liearing 
shiubs, annuals, and oui common vegetables The stiong deployment 
of this group of plants in the Cretaceous was one of the most signifi¬ 
cant advances in the whole evolution of plant life, second only to the 
spread of plants over the lands On their own account, this was an 
impoitant milestone m the history of life, for the angiospcims are the 
most highly specialized of all plants and the ones destined to dominate 
the EaiLli during later geologic time In addition, then indirect clfcct 
upon the advances of the higher animals can hardly be exaggerated, 
for they supply nearly all the plant food for the mammals that now 
dominate all other life upon the Earth Angiospeinis provide the nuts 
and fruits of the forest, the grasses of the prairies, the cereals which 
iurnish fodder and gram for man and his domestic animals, and all 
the vegetables and funis that man has cultivated, to say nothing of 
the flowers that add so much pleasure and inspiration to human sur- 
lounclings It would hardly bo too much to say that the gieat ex¬ 
pansion of the mammals and the buds had to wait upon the evolution 
of the flowering plants, it was certainly no accident that in the next 
period the reptilian hoidcs gave way to a spectacular use of warm¬ 
blooded veitebrates 

The oldest known angiospcims appeal almost simultaneously in 
New Zealand, in Texas, and in the coastal plain of Maryland Of 
these the best-known occuiicnce was described from the Paluxy sand 
of the basal Cretaceous Trinity group m Erath County, ccntial 
Texas ^ Three types of deciduous tree leaves wei c found, one of which 
IS a species of cinnamon From middle Lower Ciotaccous rocks angio- 
speiins are known in Portugal and Maryland The oldest Cretaceous 
formation of the Atlantic Coastal Plain (Patuxent) has yielded none 
ot these modern plants, though it has plenty of eveigreens like the 
Jurassic floras In the middle member (Aiundcl) of the Lower Cre¬ 
taceous of Maryland, however, sevcial species of deciduous trees are 
represented Before the middle of the period they had spread over 
the Rocky Mountain region, and they comprise more than 90 per cent 
of the known plants of the Uppci Cretaceous 

The resting stage icpicscntcd by the ripening of the seeds and the 
shedding of the foliage of angiospeims is cleaily an adaptation to 
seasonal and rigorous climates, either of winter cold or of drought. 
Probably the evolution of these plants out of the older types took 
place on the highlands where the climate was cool and growth was 
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I'lir 242 Skull o( I'i/iaJinosoiinis roc, the gieatesO known caniivoioiis JiiiOMim Length 
of 01 iginal, 4 feel, I incheb 


AMERICAN MUSEUM OF NATUEAt, HISTORY 

Itg 243 Tyraiinosaiiiiu rtx and Tiuemtofs bamdiis, jiotn a fainting by C K 
Km^ht Baled on rpecimim fma Hell Cteek hasm, Montana 
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seasonal, but, if sn, it was not until they had migrated into the low¬ 
lands whore aortimontaiy doposits weic foiimug, that they left a record 
of then existence It is quite possible, therefore, that they weie actu¬ 
ally piesent in Jurassic or Tiiassic tune even though uui oldest iccord 
IS in Cretaceous rocks 

Culm.imtwn of EepUhau Evolution 

Dinosaurs held the centei of the stage until the last scene of the 
Mesozoic diama (Frontispiece) The great sauiopnds pcisisted lo¬ 
cally whole the eiiviionmcnt was suitable, as pi owed by lecent finds 
in the Lower Cietacoous of Wyoming and in the Uppei Cretaceous ot 
New Mexico, Utah, and Texas They aie known also funu veiy frag- 
inentaiy remains in the Cietacoous locks of Maryland and South 
America Stegosaurus was extinct, but its lacc iicrsisted m heavily 
plated types like Palxosmm The two great lacos of bipeds, how¬ 
ever, were at their climax The cainivorcs vaiiecl much in size 
Among tliein stalked Tyrannosaurus rex, the mightiest flcsh-catcr cvci 


AMER1C.1N MUSEUM OF KAFURAL HISTORY 

Ft^ 244 The duck-hdkd dmsam, Tiachodm imiabilu, Jtom Conveisi Cmnty, 
Wymmi Pamted by Cbmlts li. I^night Smlt animals win about 25 feet kni 
flow Mil to tip of tail 
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present upon the kinds, carrying liis ponderous head 20 feet from the 
ground and spanning about 45 feet from nose to tip of tail (Piontis- 
picce, Figs 242, 243) In striking contrast with this “king tyrant 
saurian’’ tlieie wcie other carnivores of small stature [Ormthomiinus) 
which had no teeth but only a horny beak much resembling that of an 



C W QilmoTG, U S National Museum 


Fig 245 Poilion of the lail of a late Cietaceou-i bipedal cliaosaui, Cori/thosawus, with 
pait of the skill pio^eived Red Dcei Rivei Valley, Alboita 


ostrich They probably fed like an ostrich and therefoie were not 
truly carnivorous, though descended from flcsh-cating ancestors The 
herbivorous bipeds were well lepicsentcd by the “duckbills” m Late 
Cretaceous time (Figs 244, 245) Besides these, a fifth great tribe, 
Ihe Cenitojtsm or homed dinosams (Fiontispiece, Figs 243, 246), now 
made their appearance The only occuircncc of ceiatopsians outside 
of North America is that of Protoceratops in Mongolia, whcie skele¬ 
tons rcpiesonling all stages of growth have been found, with several 
nests of eggs (Figs 246, 247) This was a .small form with a height 
of only 3 01 4 foet In the Late Cretaceous some of the American 
Ceratonsia weie 20 feet long and more than twice as bulky as the 
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Fio 240 Tho pnmitivti homed dmobaui, Protoccrato 2 >s, ’vvjtl) nost of ogg*^ Painling 
by Ch«u less It Knight, based upon skeletons and ne&ts fj oin tho Gobi Dc&ei t of Mongolia 
This species attained a length of only S oi 10 feet 



American Museum of NaLural History 


Fig 247 Dmosaui lie'll with biokeii eggs woatheiing fiom the lock The eggs me 
about inches long and aio believed to bo those of Piotoceratopa Djadoehta beds, 
Gobi Desert, Mongolia 
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gieatest living rhinoceros Pieces of clinosaunan eggshells have also 
been iouncl at the top of the Cietaccous (Lance) neai Red Lodge, Mon¬ 
tana The duckbills and the homed dinosaurs outlived the otheis 
and arc common fossils in paits of the Laramie group (especially the 
Lance beds) 

Curiously, no dinosaurs wcie known in the far wcstein Cietaccous 
until 1936, when abundant bones of a trachodont wcie found ncai 

Patterson, California 

Reptiles of the Sea Ichthyo- 
sauis passed their heyday bcfoie 
the close of the Jurassic and were 
unimportant in the Cietaccous 
seas On the other hand, the 
clumsy pleF:wsaw s, though loss nu- 
meious than befoic, attained then 
gieatest size One species of these 
(Elasmosau) lis), found well pie- 
scivecl m the Niobiaia chalk of 
Kansas, icached a length of 40 to 
50 feet, of which about half con¬ 
sisted of a vei y slendci, agile neck 
The doimnant gioup of maiine 
icptiles was a newly evolved tribe, 
the mosauiiir? (Fig 248), which 
made its appeal ance at this time 
At first sight mosasanrs might be 
mistaken for ichthyosaurs, but 
there are foul obvious points of 
difference winch prove that they 
repiesent a wholly distinct oidei of reptiles, moic closely i elated to 
the lizaids and snakes than to the ichthyosaurs First, they had scaly 
skins like a snake Second, the lower jaw had extia joints, one at the 
elnn and one near the middle of each side, which pcimittecl the month 
to widen as it gaped (exactly as in a snake) so that veiy large animals 
could be swallowed Thud, the limbs were less specialized than those 
of ichthyosaurs, being simple five-fingered flippeis Finally, the tail 
flukes were quite differently shaped The mosasanrs were obviously 
rapacious carnivoies and the most iiitliless pirates of the Mesozoic 
seas The laigest reached a length of about 35 feet Mai me turtles 
were pio&ent, and one specimen of phenomenal size (Archelon) has 
been found in the Pierre shale of Wyoming, measuring 11 feet m length 



Fig 2i8 A mosa'saur, fiom 

the NiohiRia chalk m Kansas Attei 
S W Williaton The animal was 12 to 
15 feet long 
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and 12 feet across the flippcis In the nvois both broad-nosed and 
narrow-snouted ciocndilcs weio coinninn 
Last of the Winged Dragons Pleiomw’i, though less varied and 
numeums than before, woic laige and icinnikably specialised The 
laigesL known fuiin, Pieranodon, had an extraoidinary wing spread of 
23 to 25 feet, thus gieatly exceeding any othei winged creatine of all 
time Even so, the body rvas nut largui than tliat of a wild goose, and 
with its dedicate hollow bones the cieaUiie muat have been almost as 
light and fragile as a kite The icmams of Pteianodon aie found in 
the Niobiaia chalk in Kansas fai from the Cretaceous shoreline (Fig 
2491, and it was cloaily adapted to soaimg ovci the waves like the 
modem albatioss In fact, this great icptilc would have been quite 
helpless on the ground, for the hind limbs wcic so small and degen¬ 
erate that they pi obably could nut Imvc home oven its light weight 
Evoiything had been saenfired to the achievement of sustained flight 
Unlike the Jmassic ptciosaiirs, the known Cretaceous species were 
toothless, then horny beaks displaying a remarkable parallelism with 
those of the post-Mesozoic birds 
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Buds with Teeth 

With one exception, all the buds yet discovcicd in Mesozoic rocks 
had teeth Aside from the three Juias&ic specimens, these aie all fiom 
the Cictaceous The g,ioateht nimibci of &i)cciincns ha^'c come from 
the Niobiara chalk of Kansas Two veiy distinct types of buds are 
known, both obviously adapted to marine hie The one was a small 
shoie bird with powciful wings (IchLhyotnis), known only fioin tvo 
unique specimens at Yale, the othci is the large diving bud, Hes- 
perotnis (Fig, 250), of which many skeletons have been found and sev- 



Ydlc 2-*L(iboflij MuaeuTTi 


Fig 250 The gteat diving bu cl, Ilcbpcioj tegali^, fioin tlio Niohiaia chalk of Kau'sos, 
Tnoimted in diving postuio Note tlic long tail and vo'^tigml wings Ovoi-all length about 
feet 

eial have been aiticulatcd and mounted in lifelike position This le- 
maikablc bnd, like the living penguin, vas so peifectly adapted to 
life in the M^ater that it had lost the power to fly and had only intoinal 
vestiges of wings It reached a Icngtli of nearly 6 feet, standing about 
iYo Icct high (il, indeed, it could stand at all) Its long slender jaws 
weie aimed with pointed, conical, but rccuived teeth, well adapted to 
captuimg and holding shppeiy fishes and perhaps squids The tail 
was seveial inches long but not nearly so long as that of Archssop- 
teryv 

It is obvious that Lhcbe two luglily .specialized inannc tyjics do not 
faiily lepiesent the bird faunas of the Lime Recently a well- 
preseived Imver jaw of a toothless bird was found in nomnaiine sLiaLa 
of Late Cretaceous age in the Red Deer Valley of Albcita Other¬ 
wise, toothless and land-dwelling buds aio still unknown in the Cre¬ 
taceous, but this IS not surprising, since bird bone.s, besides being small 
and fragile, are hollow and an-filled, and easily destroyed Even in 
near-recent deposits buds are generally the laicsL of fossils 
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Mammah Bide Their Time 

So long as tlic clinosaura lickl their own, and the grasses, ccieals, and 
fruits had not become goneially chstiibutcd, the pumitivo mammals 
could only bide their Lime Thus fai, almost all the known Cie- 
taccous mammals come from the Laiainie group and its equivalents at 
the top of the system Among these I ho multituberculates peisist, 
but the oLhci tliicc Juiassic oiclcis aic missing and presumably were 
extinct However, two new ordcis now made their appeal ance, having 
evolved out of the Jurassic pantotheies bcfoie the demise of the lattei 
These new stocks wcie the marsupials (pouch-bcarcrs like the opos¬ 
sum) and the msectivotes (Fig 251) (priiiiitive placental mammals 




Fic, 251 A C'lctacodus msectivoie, Zalanihdaloslcs lecht), fiom Mongolia Flesh 
lostoiation (left) and loinposite rccnnstiaction of skull (light), aftei G G Simpson 
Natuial size 


of the group to which modern sinews and moles belong) Some of tho 
Cictaceous maisupials woic roniaikably similar to the modern opos¬ 
sum 

Modelnization of the Inveiiebiates 

By Cretaceous time the evolution of most of the invertebrate tribes 
had been piactically accomplished, and nothing but details (genera 
and species) were left for the Cenoaoic era Only the ammonites and 
belemnites gave the maimc faunas a medieval aspect Both were on 
a decline numeiically, though the ammonites still played a conspicu¬ 
ous role until the final ebb of the Montanan sea Many species forsook 
their syinmcLrical jilan of coiling, and developed bizaiie shapes, some 
became spiial, like a snail’s shell, a few stiaightened, many became 
loosely coiled, and a few lost all semblance of regularity or sym¬ 
metry (PI 16) The significance of this extraordinary development 
in a decadent race is nut fully understood In the figurative language 
of Baiiell, “they seem to have been writhing m the death agony of 
their race ” In any event, not a single species lived past the end of the 
Cretaceous 




Plate 15 Lowei Cretaceous Eohmoids (1, 2), Clams (3-0), and Ammonite (10) 

Fig 1, Holoclypus planatus, 2, Enullai,ter iexatius, 1, ?ifnnoplcui'a pingmtiCiila, 4, il/ 
maicula (a elnstei of tliioe), 6 Eiogyra atultna, 0, 'roucasxa patagiata, 7, Etogipa tevana, 
8, Alpcb i/oma ef A carinaia, 9, Grppfuea tucumcaii (innei vieA\ of laigei valve), 10, Oryiro- 
pulocera^ acutocrmtiatum. All natuial size Diawn by L S Douglass 
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Plj.to 10 XJppoi Ciutaceoua Cepknlopods 

Fig? i, 2, PrionoLro'pis woolgao i (young shell and veutial view of fiagment of laigQ shell), 
3, 4, Bacidites comp?ess?/s, a stiaightencd ammonite (a juvenile bliell, Xd, sliowmg initial 
coiled stage, and a section fiom an adiiU shell showing sulines), 5, Mortnmceras te^anum 
(edge view of a shell with living ohambci bioken away loveahng last septum), b, Belcnv- 
mtella amencana, one of the last of the belemnites, 7, 8, Placenticcras lenLicularfi, lateial 
and edge views, 0, Hcteioceras sp , an ammonite iiiegularly coiling at matuiity, 10, Sca- 
All m+n-rni «i7p» pxcfint FiK 3 DiawnbyL S ^Dougla&s 




Plate 17 Upper Cietaccous Pelccypods (1-8) and Gastiopoda (9-11) 

Pig 1, Trigoina iJioTOCica (valves paited to show inteiioi) , 2, Gryplixa convcxa (showing 
unequal valves), 3, Alectryonid placenta (<i iibbod oystei), 4, Inoceramuh lahiatus; 5, 
Pecten {Neiihed) qutnquecosiata, 6 , 7, Nncula percrassa (dorsal view and interior of light 
valve)) 8, E^iogrjra ponderosa (XH)* oyster-like clam with spirally twisLed beak, 9, 
Anckura lohala, 10, Volutodoina appressa, 11, Twidclla tnhra. All natural size, except 

1?, rt> Q TlT«t\T«rn T ^ Tlnnorlncfl 
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Clams (PI 15, fig& 3-9, P] 17, figs 4-8) and gastropods (PI 17, 
figs 9-11) of many kinds and of essentially mocloin appeal ance weic 
abundant, but there was also a remaikahlc development of sessile, 
recf-making clams {chamids, PI 15, figs 3, 4, 0, and rudishds) 
that gave a distinctive element to many of the Cictaccous faunas 
Sevcial of these were attached by the beak of one valve This valve 
then giew up into a deep conical shell while the opposite valve served 
as an operculiira Many of these shells icscmblo corals and, like the 
latter, they contiibutcd actively to the leefs in the Cictaccous seas 
One foim in Jamaica grew 5 feet tall OysLeis (PI 15, figs 8-9, PI 
17, fig 3) were vciy common, and two related stocks, the Exogyras 
and Gryphtcas, aie among the most distinctive inveitcbiates of this 
time 

Biachiopods wcie no moic common than they arc today, and are 
abundant only locally in Cictaccous locks Coials wcie plentiful in 
Europe but not in Amciica Siliceous sponges also were important 
reel inakeis in Europe liut arc seldom seen here The heart-urchins 
aio paiticularly coimnon in the Comanche sciics of Texas and in the 
Upper Cictaccous of Euiope Crabs wcie common in the sandy sub- 
littoial zone, then as now 

Insects arc not common fossils simply because suitable deposits have 
not been found, but it is faiily certain that all the chief modem types 
weie already represented Piobably early in the Cretaceous the in¬ 
sects adapted themselves to feeding upon the nectar of the newly 
aiisen flou cring plants and thus gradually assumed then impoitant 
role in pollenization One of the most lemarkable recent discoveries 
is a fossil wasp nest fiom the Upper Cretaceous of Utah 

Close of the Pekiod “The Time of the Great Dying” 

The end of the Cretaceous, like the close of the Paleozoic, pioved 
to bo a gieat ciisis in the histoiy of life Several stocks of animals 
declined inarkcrlly during the pciiod, others flouiibhed till near its end 
only to becomo extinct For example, the dinosaurs were highly 
varied and apparently adaptive light up to the end of Laramie time, 
yet not one is known to have lived to sec the dawn of the Cenozoic 
era The piorosauis specialized pci haps too fai, attaining then great¬ 
est size only to die out considciably before the close of the period 
Among the great inaiinc icptiles, the ichthyosaurs and plesiosaurs were 
aheady on a maiked decline, while the mosasaurs undeiwent a mete¬ 
oric evolution, yet all these died out and only the maime tuitles sur- 
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vived The decline and extinction of the ammonites and belemnites 
at the veiy close of the period, and the passing, of the several stocks 
of reef'foiming clams (rudistids) show that the marine inveitebratcs 
did not escape the ciisis 

It is difficult to account for the simultaneous extinction of great 
tribes of animals so diveise in iclationsliips and in habits of life 
Perhaps no single cause was responsible The gieat restriction and 
final disappearance of the epeiric seas at the end of the era, the rise 
of highlands from Alaska to Patagonia, a shaip diop in the tempera¬ 
ture accompanying the Laramide uplift, the vanishing of the swampy 
lowlands, and the vastly changed plant woi Id have all been invoked 
to account for the extinction, and the consequent rising of the weak 
and lowly into new kingdoms Whatever the cause, the latest Meso¬ 
zoic was a time ot trial when many of the hosts were “tried m the bal¬ 
ance and found wanting”—wanting in adaptiveness to the new envi¬ 
ronment Walthei has picturesquely called it “The time of the gieat 
dying ” 
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Chapter 17 

PHYSICAL HISTORY OF THE CENOZOIG ERA 

General Features, Every fcaLuic of the modern landscape was 
shaped duimg the last short era of geologic time The Alps and the 
Himalayas have come up from the ,sea floor, the Rocky Morintaiiib 
have been woin down and then uplifted to their present height, the 
Appalachian iidges have been etched into rehcl, and all the othci 
mountain langes of the woild have been elevated and sculpiincd to 
then picscnt form since the hcgiiming of the Cenozoic era The 
stieains also have attainod the eoiii.scs they now follow, and clinialie 
zones have assumeil then inodcin chaiactcr During this tune also, 
the mammals evolved fioni uminpreshive Mesozoic foicbears to cul¬ 
minate in man This eia saw llic modciii woild unfokb 

It was a time of ciustal iinrebt, lying between the Lai amide i evo¬ 
lution and the Ca.seadian-Alpine revolution from which wo aie just 
emerging Movements still continue in many paits of the world wheie 
active volcanoes and violent earthquakes raaik mobile zones still 
“alive” The climax of the distuibancc is but recently past, if, in¬ 
deed, we have seen its culmination, and the Earth is now m a rather 
exceptional stage of its histoiy, the continents being abnoimally laige 
and emergent, the highlands moio extensive and the mountains more 
lofty than normal, and the climatic zones more strongly chveisified 
Eoi this reason the landscape is imoro varied, the scenic features 
giander, and the Eaith ns a whole inoie intciesting than it lias been 
during much of the geologic past Since every surface detail can be 
tiacod to Cenozoic history, no other part of the geologic record has 
such a dnect appeal 

The Cenozoic was the shortest of the cias, embracing but a single 
period of time, probably not exceeding 70 million years The Meso¬ 
zoic era was at least twice as long, and the Paleozoic five or six times 
as long In this striking fact theie is food for thought The great 
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diastiopine movements duimg, the last 500 million years, at least, have 
come at shortci and slioitci mteivals Docs this presage a time when 
the continents will stand still liighoi oi be pciinanenLly emergent, and 
epeiiic seas like those of the past will vanish foi good, or will the 
penduliun swing back? The pioblera is too vast and oui data are Loo 
few as yet to justify a positive belief 

History of Subdivision The fiist attempt to subdivide the geo¬ 
logic record and establish a chronology goes back to the year 1759 
and to Giovanni Ardumo, a professoi at the Umveisity of Padua lie 
had studied the southein Alps and the plains of Italy and iccogmzed 
there foui divisions of the Eaith's crust foimcd one after another 
These weie‘ (1) the coic of the mountains formed of crystalline rocks 
(plutonic and mctamniphic), (2) the flanks of Llic mountains formed 
of limestone and marble, commonly fossilitei ous and steeply dipping 
or strongly folded, (3) foothills composed of gravels, sands, and marls, 
and including the volcanics such as those about Vesuvius, and (4) 
alluvial mateiial ovci the surface 

Ardumo called the crystalline rocks Pi unary, because they were 
obviously the first foiined of this scries, the defoimcd and wcll-in- 
duiatecl strata of the mountain flanks he called Secondary, and the 
unconsolidated sediments of the Italian plain he named Teitmiy A 
fouith division, Quaternaiy, was added about the year 1830 to include 
the glacial, fluvial, and lake deposits that covci much of -western 
Europe and that were originally thought to be the deposits left by the 
Biblical flood 

Arduino’s scheme of subdivision, based on the clegiee of meta- 
moiphism, the striictuic, and the dcgiee of induration of the rocks, 
was natural for the legion he knew Untoitunatcly, it was soon ap¬ 
plied to othei parts of Europe and was used as a general scheme of 
classification both theie and m America until after 1800 Yet obvi¬ 
ously it could nut serve as a universal scheme unless all mountain 
ranges wcie of the same date and had a similar history We now 
know, as Ardumo did not guess, that some mountain i anges ai c ancient 
and others relatively young, and that the gianite or metainoipliic 
core of one lange can not be assumed to be of the same date as that 
of another iemote mountain system As this fact was realized, about 
100 years ago, Aichnnn’s scheme of classification was abandoned and 
the terms Primary and Secondary ucre dioppcd, but, cunously, the 
toim Tcrtiaiy was perpetuated and used for the pre-Glacial forma¬ 
tions that wc now call Cenozoic, w'liilc the term Quateinaiy persisted 
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for the deposits of the Pleistocene ice ag.c It is still common practice 
to subdivide tlic Ccnozoic locks into Tcitiaiy and CJuatcinary sys¬ 
tems, but this IS coitainly no longer justifiable, the Quatcrnaiy 
(= Pleistocene) is ineicly a shoit eimcli of the Ccnozoic, era of whicli 
there is ycL but a single iioriod The words Tcituuv and Quaternary 
aie vestiges of a niisconccptum long 
since outgrown, and (liey should hi* 
abandoned 

The Ccnozoin locks wcie first ciit- 
ically studied in the Pans basin, 
wheic iiclily fossilifcioiis marine 
strata alternate with noninaiine fur- 
iiiatioiis As the hoautilully pic- 
seived faunas of these locks weic 
described and analyzed by the 
Fiench palooniologists, notably by 
Deshayes, it became evident that 
the uppermost nuuiiic beds con¬ 
tained many siiccics of shcll-iicaiing 
molluscs that still live in nioderii 
seas, and that fewei and fewer ot 
these living fonns WCIO present m Imi 252 Sn Charles Lyoll (1797-1875) 
successively ohlcr liouzons Grasp¬ 
ing this idea, the gicat Etiglisli geologist, Lyoll, pioposcd a classifica¬ 
tion based on the percentage ot still-living shelled mvcitebiatcs, and 
coined names fui several serien of the Ccnozoie rocks accoidingly 
This scheme as eventually perfected is still in use, and may be ex- 
piessecl 111 tabulai foira as follows 

Pbistocone sciics (Gi pleislos, most, -f- 
kainos, iccent) 90-100% inodoiii species 

Pliocene sciics (Gr pleion, moie, -f- Kainos) 50- 90% “ “ 

Miocene sciics (Gi meion, less, -f- kamai) 20- 40% “ “ 

Oligoocne senes (Gr ohgos, little, -|-fcmnos) 10-15% “ 

Eocene scuus (Gi cos, dawn, + kairws) 1- 5% “ “ 

Paleoceiiu seiics (Gi palaws, ancient, -j- 
kainm) 0 “ “ 

Lyell originally proposed only the three terms, Eocene, Miocene, 
and Pliocene, the others have been added later It is now known that 
the exact pciccntage of living bpccics in locks ol a given date varies 
fiom region to region and is not a satisfactoiy basis of correlation. 



























PHYSICAL HISTORY OF THE CENOZOIC ERA 


399 


but the SIX senes of strata (and six epochs of Ccnozoic tune) arc 
nevcithcless lecognizcd throughout the world 
The Ccnozoic history will be ticated at gicatci length than that of 
previous periods because wo can road innic detail from the rocks and 
because they help to explain tlie fcatiucs ot oiu uiodcin woild 


ClSNOZOIC lilSTOHY OF NoKTII AmERICA 

At the close of Cictuccous tune North Aniorica assuincd approxi¬ 
mately its present size and coiifigui ation The Atlantic and Gulf 
coastal plains wcic paitly subinevged from Palcoceno to Oligocenc 
epochs hut cincigcd moic and luoro completely thereafter (Fig 2r)3') 
Small embaymenth covered ]iarts of Cahtoinia, Oregon, and Wash¬ 
ington, and, foi a vciy Inicf tune at the beginning of the era, a seaway 
covered a small part of the noitliern Gioat Plains The maxmniin 
submeigcnce, however, scnreely flooded iO pci cent of the present 
lands, and the uvciage fot Iho era was only about 3 per cent 

The stratigiaplnc rccoid theicforc lies cliicflv in nomnanne forma¬ 
tions wliicli, foitunately, aic both widcspicud and iichly fossihfcrous 
A study of land forms also adds luucli to our knowledge of Ccnozoic 
histoiy Rciiinaiils ol iiiilifted iieueplanos, for cxiuiiiilc, tell of erosion 
cycles and give a measuio ol ipililts in both the Appalachian and 
Rocky Mountain logions 

The lustoiy can best he told by natural icgions, taking each in its 
turn 

Eastern North Avienca 

Coastal Plain Overlap. From New Jersey to Mexico the outer 
part of the coastal plain is foimed of Ccnozoic toimatiuns Like the 
CictacGous beds, they aie but slightly consolidated sands, clays, and 
marls, dipping gently scawaid Eocene and Miocene beds aic most 
widespread along the Atlantic coast, especially in the Chesapeake Bay 
region, whoie both aio maiine and richly fo&silifcious Paleoccne and 
Eocene clays and sands aic most widespread along the Gulf bolder, 
commonly reaching 100 to 200 miles inlaiirl, and m the Mississippi 
Valley extending up to Cairo, a distance of 600 miles from the coast 
In the ccntial and western Gulf Coa.slal Plain the Paleoccne (Mid¬ 
way) and caily Eocene (Wilcox) formations uic largely nomnanne 
and contain much lignite, showing the influence of the Mississippi 
Rivei and its tnbutaiics, which maintained a broad swampy coastal 
lowland hcie dunng early Cenozoic tiino. 
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Oligocene formations aie m general less extensive, but in Floiida 
and Central Araeiiea they aie widespicad In both these legions they 
aie largely calcareous, but in the ccntial and western Gulf area, where 
the influence of the Mississippi River was strong, the Oligocene is rep¬ 
resented by thick clays and sands Miocene and Pliocene formations 
aic geneially still more restiicLed, showing that tlie eastern and south¬ 
ern inaigms of the continent were progressively cmeigmg 

Along the Atlantic border the Ccnozoic toimations foiin a great 
wedge, thickening seaward to beyond the picsent coast Fiom a fcath- 
eied edge at tlieir landwaid inaigin, they thicken to 700 to 1000 loot 
at the coast A deep well on tlie bariier beach at Cape Ilattcias, 
howcvei, has revealed a thickness ot 3034 feet of Ccnozoic strata ' 
Not only do these formations dip seaward, liut the oldei ones dip more 
steeply than the younger, ptovmg that the continental shelf has been 
tilted somewhat during deposition 

Along the central Gulf border rapid subsidence has been counter¬ 
balanced by the growth of the Mississippi delta, and there Ccnozoic 
formations roach an impicssivc thickness Oil wells along the Louisi¬ 
ana coast are still in Miocene beds at a depth of 12,000 feet, and a 
study of icgional dips and data fiom deep wells indicates a tliickncss 
of probably 30,000 feet of Ceiiozoic deposits under the coastal iiuugin 
of Louisiana - This is more than twice tlie niaximuin depth of the 
Gulf of Mexico and indicates excessive downwarping and suggests a 
gcosyncline in the making (Fig 254) The axis of this tiough ap- 
pioxiinatcly parallels the present coast line of Louisiana and Mis¬ 
sissippi 

Florida is made largely of Ceiiozoic limestones icstmg on a Creta¬ 
ceous floor These leacli a maximum thickness of more than 5000 
feet and icprcsent all the epochs of the Ccnozoic For the most pait 
they are cleaily the deposits of a shallow sea and indicate that Floiida 
was not a peninsula but a shallow submarine bank during most of the 
era The finding of vertcbiatc fossils near Gainesville, howevei, has 
led to the discovery that during a part of the Miocene epoch a large 
low island existed over the cential part of the state “ A fauna of 
22 species, including three-toed hoiscs, deer, rhmoceioses, and carni¬ 
vores, was found in the fill of a stream channel that was cut duimg 
the peiiod of emergence. There is also reason to believe that central 
Floiida was emeigent at the close of the Eocene epoch, and perhaps 
foi short peiiods at other times in the eia Until the Miocene, Florida 
was too far fiom shore to be reached by detiital sediment, but since 
that epoch its eastern bolder has received considerable fine sand, car- 



PHYSICAL HISTORY OF THE CENOZOIC ERA 


401 


necl southward by shore currents from tiic streams that reach the Car¬ 
olina coast This, foi example, is the souice of Lhe sand at Daytona 
Beach 

Origin o£ the Gulf of Mexico A boll of Cietacoous and Ceno- 
zoic formations encircles the Gulf ol Mexico, tonmng, a low coastal 
plain from Flonda to Yiicalan These formations obviously accumu¬ 
lated under conditions approximating those of the piesenL, and make 
it ceitain Lhtd the Gulf ol Mexieu was Llien in existence Deep wells 



Flo 254 Soi'Uoii acioMs llio Bmlon Kcosyndiiio luu! tho Gulf of Mexico The inhet 
shows the position of tlie sodioii, whnh iims horn Shiovepoit, Louismna, to Yucutan 
The axis of the miwvucliuo follows the l>ri)lccii lino in the inset in ip Depths, below sea- 
lovol mchcatcd in foot MocUrictl tioin Uaiton, llitz, and Iliolccy 


have levealcd that Jurassic lormations also uudeiho the western 
Gulf coastal plain, dipping scawaid with the Crctaceou.s beds 

On the contiary, the ]irc-Jurassic rocks ot the Gulf legion have 
a very different arrangoincnt In the Antillean Islands they arc meta- 
morphic and volcanic and appear to be remnants of a clcfoimed land 
mass In Florida a deep well has rcvoalcrl Cietacoous beds icstiiig 
on deformed Cambrian or early Oidovician atiata ‘ Furtheimorc, the 
late Paleozoic formations of the Ouachita trough indicate that Llano- 
na was a luggcd upland in the western Gulf region as late as Permian 
time It may be inferred, tlicicfore, that this great depression began 
to foim in Juiassic time and that it was well outlined in the Creta¬ 
ceous period, but its present depth may be the result of Cenozoic move¬ 
ments 

Sculpturing of the Appalachians At the beginning of the Ceno¬ 
zoic era ncaily all the Appalachian region was pcneplaned, the excep¬ 
tions being a chain of monadnocks rising to 2000 oi 3000 feet along 
the bordei between eastern Tennessee and North Carolina, and scat- 
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teied hills m noiihern New Engl unci These unreduced areas foim the 
ciesL oi the modem Great Smokies, the sumiiiit of the White Moun¬ 
tains, and such scatlcicd peaks as Mount Kataluhii and Cadillac 
Moimtam in Maine, they show no evidence of ever having been le- 
duced to a level summit Elsewhere in the Appalarhian icgion, hnw- 
ei’ci, remnants of a widospicad and icniarkably flat oiosion surface 
may be seen in the even ciests of the highest ridges (Fig 255) and m 
the summits of the Allegheny Plateau. This old sin face has been 
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Fk, 2SS llemnant'j of tho Sohooloy puiieplano me seoii in the aeeorclant eiosts of these 
Appulaeliian lolch Tlie view is wostwaifl iiilo the Susquehanna Gap at IlaiiisbuiK, 
Pennsvlvania, showiiip; Kitlatinn\ Mountain (A.) with Second Mountain (s) and Peters 
Mountain (p) bevoiid it 

named the Sthooley 'peneplane When it was foiraed, the surface must 
have been near scalcvcl, and the icgion was obviously a low plain 

The present mountains arc thcicfore due almost wholly to Ceno- 
zoic changes Howevci, they aic not the result of cithci folding oi 
faulting but of (1) gentle regional upwarp, which piocluccd the present 
elevation, and (2) sculptwmg hy erosive agents that liavc carved out 
the weaker rocks and created the local relief The mountain stnic- 
tuies were already present, mhcritcd fiom the Appalachian i evolution 
and the Palisade diatiiibance 

The erosional Instoiy of the region is suggested m Fig 256 After 
the completion of the Scliooley peneplanc (block 2), at a time not 
yet accuiately dated, the legion was gently aicherl and uplifted a few 
Imnclrcd foot (block 3) The streams then incised themselves to the 
new baselevcl and opened out extensive lowlands on the weak foima- 
tions, while the resistant rocks stood up as ridges (block 4) Rem- 
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naiits of tboho flsiL lowliunls lue still coiiHpicuous about Harrisbuig 
and this flat crosum sui hicc, incsent on the weak foimations only has 
been named tlu- Ilan inburg surface ‘ ' 

A second gentle ninviu'i) along Ihn axis of the Appalachians caused 
the streams to incise their valleys into the liariisburg surface and to 



APPALACHIAN PLATEAU • NtWtR APPALACHIANS '• OLDER APPALACHIANS ^•COASTAL PLAIN 

ViG 260 Evolution of the luodoni topography of the Middle Appalachitm legion 

1 Hough topography of euily Jinassic time, icsulting fiom dissection of the stiucture 
produced by the Appalachian, revolution and the Palisade disturbance 

2 Development of Schoolcy pencplane 

S Aiclung of Schooley penepiane and incision of diainage 

4 Dissection of Schooley penoplauo and local development of Plaiusburgeiosbion &urfaca 
beveling belts of weak lock 

5 Furthei uplift and disscotion, with development of a lowei erosion surface (Somer¬ 
ville) beveling only the weakest rocks 

t) Datest uplift and dissection Modified &lightly fioin D Jolin&on 

excavate new lowlands of more local extent at a lower elevation (block 
5) Still younger and moi'o frequent uplifts of this sort have given 
use to strath terraces along the majoi streams as they caived their 
present deep valleys Thus by a series of gentle uplifts the Schooley 
penepiane has been warped up to its present maximum height of about 
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4000 fed aking the crest of a broad simple aich, and the iidges and 
valleys have been etched into relief From an axis lunnmg near I,ho 
eastern edge of Iho Allegheny Plateau, the sm face of the old Schocjlcy 
peneplane slopes gently away to the east, and possibly to the west, 
declining but a few feet to the mile It is piescrved only on the most 
resistant locks and has been completely destioyerl tluoughout most 
of the piedmont belt. If it could be rcstoicd, it would have the foim 
of a vast low aicli several huudied miles wide and loss than one mile 
high along the crest of the Appalachians Neai the piesent coast it 
would descend to sealevel and pass undei one of the eoastal-plam for¬ 
mations, for it is clear that, as the Appalachian aich came up, the 
continental shelf was depressed and tilted eastwaid If stages of up¬ 
lift in the mountains could be correlated with deposits in the coastal- 
plain legion, the erosional history could be dated in detail, but unfoi- 
tunatoly such coiielations are not yet secure 

The Central Interior 

Throughout Cenozoic time the gieat mtoiioi of the continent 
stretching westward from the Appalachian Plateau to the Great Plains 
was a lowland undergoing but slight dcgiadation The stages in its 
development are fai more obscure than aic those of the Appalachian 
region River gravels widely distributed ovci the intoisLroani aicas 
beai evidence that the suifacc has been leduccd to its incscnt foim 
by long-continued stream erosion and mass wasting 
In the Great Lakes region, where tlic Paleozoic foimations ovcilap 
upon the Canadian Shield, the beveled edges of the more resistant 
limestones were brought into relief as cucstas, while the wcakci forma¬ 
tions wcie reduced to bioad lowlands which, in the Pleistocene epoch, 
were modified by glacicis to foim the basins of the Great Lakes 

Decay and Rehzith oj the Rockies 

Basin Filling and Peneplanation. Nearly all the major struc¬ 
tures of the Rocky Mountains date fiom the Lararaide revolution at 
the end of the Cietaceoiis As noted befoio, the folding and faulting 
continued locally into the Eocene, and died out gradually This left 
tlie legion bold and mountainous in early Cenozoic tune 
Among the laiigcs there weie seveial gicat stmctiual basins which 
have peisistcd, with little deformation, up to the piesent (Fig 257) 
Such are Powder Rivci, the Big Hoin, and Giccn River basins of 
Wyoming, and the Uinta basin and Noith and South parks in Col- 
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01 ado As the mountains were eiodecl, the sediment converged into 
these basins, where much of it was trapped Fans formed about the 
margins, but most of the debris was spicad as bioad alluvial deposits 
across the basin fioois Thus they wcie gradually filled as the moun¬ 
tains wcic worn down hleanwlnle, througli-flowiiig streams were 
aggiadmg the plains legion east of the Rockies By the middle of 
the ora the intermont basins were full and the inoimtams were largely 
peneplaned to the level of this surface of aggradation, as represented 



Fio 268 Block dmgiain of the middle Rotky Mountains mid pin t of tlie Gioivt Plains 
as they weie in Miocene tiiiio, when the hasiiis weio filled with CeiiO/ioie deposits {blacl^) 
and the langes weio peneplaned to the level of this aggi ndod pl.ino Monadnoi ks iiiaik 
the sites of the chief langos The hlock has been cut in two, and tho pieces have been 
paited to show the stiuotiiio along alino passing tinoiigli Yellowstone Paik and the Black 
Hills In the area of Yellowstone Paik and the Absaioka Plateau, volcanics {white) 
Ini gely i eplaco tho sediinentai y deposits Tho stioanis flow foi tho most pai t upon alluvial 
deposits which hide tho buiiod langes Suggested by a figiuc by Atwood and Atwood 


in Fig 258 Along the axes of some of the ranges, rounded monad- 
nocks stood a few liundicd or even 2000 to 3000 feet above the pene- 
plane, but for the most jiait the mountains wcic then bmied in their 
own debris, and the streams wandered widely ovei this thick alluvial 
cover 

This flat surface of combined erosion and deposition was piob- 
alily 2000 or 3000 feet above scalevcl, because the streams had hun¬ 
dreds of miles to flow before leaching the sea and even a veiy low 
giadicnt would leave considciablc altitude at then souicc Pene- 
planation had been accomplished by late Oligoccnc time 

Cascadian Uplift and Erosional Sculpturing. In Aliocene and 
Pliocene tunc uplift was icsuined, not in the foira of local deforma¬ 
tion but lathci as a bioad upwaip of the whole region into a low arch 
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hundic'ds oC miles across It coirclatcs m tune with the Cascadian 
flcloiraalion Im'thci' west, and may therefoic be spoken of as a Gas- 
cadian uplift This inovcmoiit continued intcrmittcnLly, but with ac~ 
oelciation, to a culmination in the late Pleistocene, and brought the 
peneplaned surface to a maximum elevation of 10,000 to 11,000 feet 
along tlie continental divide A¥iLh this uplift the sticains wcic reju¬ 
venated and began to deepen then valleys, to le-cxcavate the basins, 
and to sculpture the exhumed mountain masses Thus the height of 



Fio 2S0 Block diagiarn of tlio same legioii as Fig 26S, showing the pieseiit lehef 
winch IS duo to (1) hioad togional aiclung duiing po&t-Miocenc time, and (2) excavation 
of much of the weak fill tiom tho bnsms In the loinoval of the Cenozoie fill the atiearns 
wei 6 in many places superposed on the i anges, which thei now ci obs m imposing canyons 

the Rockies is due to broad legional upwaip, but then present him 
and reUej were determined liy late Ccnozoic erosion (Fig 259) 

Thus far it has been assumed that all paits of the Rocky Mountain 
region wore peneplaned at tho same time, and only once This incturc 
IS undoubtedly too simple Within a legioii so vast, the ranges pos¬ 
sess individuality in structure and in lithology, and probably moved 
with some independence The final uplift was long and mleimitteni, 
and a senes of paitial peneplanes were probably formed locally as the 
baselevel changed—indeed, theie is clear evidence of moie than one 
m many of the langes Nevertheless, in most parts of the region, 
icmnants of one peneplanc arc so much more striking than any others 
that they appeal to belong to one general Bocky Mountain peneplane 
If, instead of one, theie are sevcial peneplanes in the Rocky Moun¬ 
tains, then the history is more complicated m its detail, but in funda¬ 
mentals it is essentially as outlined above 
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Fig 260 I’tniplane m the granite smmit of the Latamte Zatige 7 he view n 

nath pom a point near Btifoid, Wyoming Monadmks use above the peneplain 
m the distance at the left 


Evidence of the histoiy just skotcliod may be seen m (1) poneiilnnc 
remnants still preserved along ilic sumnuis of must of the uingcs, 
(2) remnants of the Ccnozoic formations aiouiid the inargms ol the 
basins, (31 superposition of many of the stieams aciuss the present 
ranges, and (4) the stiatigraphy of the Cenozoie foiinations in the 
High Plains east of the Rockies 

Those features aie illustrated in Figs 259 and 261 A paiticulaily 
fine jicncplane lemnant may be seen along the summit of the Laramie 
Range in southeastcin Wyoming Here, at an elevation of 8000 feet, 
IS a nearly fiat surface 10 or 12 miles wide, cutting acioss granite and 
othei types of igneous lock of the mountain coie (Fig 260) “Roads 
run in almost every diicction, and the Union Pacific Railiond ciosscs 
the divide, not through a deep pass but acioss an open plateau At 
the station of Sherman one may look for miles in almost any dnec- 
tion, and it is with difBculty that he realizes that his viewpoint is 8000 
feet above sealovcl, oi as liigli as the summit of many of tlic rugged 
mountains of the Noithwcst” (Blackwcldci) 

East of the Laramie Range he the High Plains, capped by Miocene 
(and locally Pliocene) beds Then smface is cxtiaordmarily fiat and 
slopes gently eastward to an elevation of not ovei 2000 feet in central 
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Ncbiaska and Kansas Tins great flat area is a lemnant of the ag¬ 
graded plain that existed when the mountains wcic peneplaned Gen¬ 
erally its most elevated westein margin has been dissected and eroded 
back scveial miles from the mountain front, especially whcie large 
streams cross it, but locally in southeastein Wyoming it extends up to 
the mountains, rising to the level of the summit pcncplane Here it 
loims the “Gangplank” (Fig 259) by which the Union Pacific Rail- 
load crosses the mountains from the plains E\en wdicrc the Pligh 
Plains beds have been eioded back seveial miles it can be seen that, 
if they were projected toward the mountains, their suifacc would meet 
the peneplaned summit 

Several miles north of the “Gangplank,” the Laramie Rivei ciosscs 
the range iii a granite gorge more than 1000 feet deep It uses west 
of the lange and flows northwaid for some 50 miles along the floor of 
Laiamie basin at an elevation of less than 7000 Icet, and then turns 
cast and cuts through the lange instead of folloiving the lowland noith- 
ward to the Platte Such an anomalous course is easily understood if 
the Laiamie basin was once filled 'with sediment that slightly cov- 
ciecl the langc as repi esentccl m Fig 258, for then the stream flowed 
on a giaded plain fiom which it was siipei posed on the lange after 
uplift The Ccnozoio fill has been almost completely removed from 
Laiamie basin, but a telltale icmnant still exists along its western 
margin, flat-lying along the front of the Medicine Bow Range at an 
elevation of 8500 feet The greatest remnants of Ccnozoic deposits 
at high altitudes, however, arc along the southein end of the Absaroka 
Range, where Eocene and Oligoccne stiata aie iiiterbeclded with, and 
protected by, volcanics Here flat-lying Oligocene strata at an eleva¬ 
tion exceeding 10,500 feet run the noitlierii side of the Wind Rivei 
basin 

The course of Laiamie Rivci m ciossing the range is not excep¬ 
tional, the major streams flow ladially out of the Rocky Mountains, 
crossing basins and ranges alike (Fig 261) As shown in Fig 269, 
Big Horn River, originating in the Wind River basin, cuts through 
the Owl Creek Mountains and flows for 100 miles acioss Big Hoin 
basin, only to turn east and cut thiougli the north end of the Big Horn 
Range in an imposing chasm Likewise, Gieen River flows south 
acioss Green River basin, swungs east along the north side of the 
Uinta Mountains, and then cuts through them in the magnificent 
Flaming Goigc Farther south, South Platte Rivci, heading in South 
Park at an elevation of about 9000 feet, flows northeast through the 
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I’lont Range in anotlici’ gicat goigc, and the Aikansas, aftei flowing 
across Suutli Paik basiiij cuts through the Fiont Range in pictuiesquo 
Royal Goigc, ivho&e sheer walls tower 1400 feet above the sticam 

All these and othci anomalous leaturcs of the diamage find a sim])lp 
explanation in the fact that the basins were foiincily filled eomjilctel.v 

with Cenoziue sediments until the 
ranges weic covcicd where the 
streams now cioss them 

Stratigraphy of the Cenozoic 
Deposits The fluvial deposits 
that wore spiead as an immense 
debus apion cast of the Roekic- 
dining Ccnozoie time have been 
partly dcsliovcd by later erosion 
along both their eastein and west¬ 
ern maigms, but the gicat ecn- 
tial portion is still mlaet in the 
High Plains I-fcie they include 
clay, silt, and sand, with lineai 
bodies of coal sc sand and guivel 
marking old stiemn channels In 
general the beds arc weak, ami in 
aieas of lapid eiosion appeal 
as “badlands” (Figs 263, 264) 
Much voleamc ash, dciivcd from 
souices fai'Lhei west, is included 
u a Cornell m the stream-laid deposits 

Fig 261 Canyon of Noith Piatto The thickness of thc entire de- 

Rivei ncai tho moutli of the SweeWater, pogjt ranges Up to 2000 fect OVei’ 

southwest of Alcovd, Wyoming, cut to a i 

depth of 450 feet in gianito extensive aiGas Dut IS nuwlieie 

much greater It includes foima- 
tions of Palcocene, Oligoccne, Miocene, and Pliocene dates, but none of 
these was continuous ovei the wdiole region They were deposited by 
sticams flowing ncaily at grade and ever seeking the lowest places to 
drop then loads The result is an intiicatc patchwork of formations, 
mostly local in character A few aic more widespread and reiiresent 
times of more general deposition 

The oldest beds here present constitute thc Foit Union joimahon of 
Paleocene date, which occupies a vast area in the noithein Great 
Plains, chiefly in the Dakotas, Wyoming, Montana, and Alberta It 
mcludes Liable yellow sandstones, somlier gray shales, and many 




PHYSICAL HISTORY OP THE CENOZOIC ERA 


411 


zones of coal Over a considciable area in the center of the Dakotas 
theie IS present at its base the Cannonball manne member, with 
oyster banks and other evidence of shallow brackish and inaiinc water 
(Fig 262) A fauna of about 150 species of marine animals has been 
identified from these beds (about 80 molluscs and 64 foiaminifers) 
Until recently this marine zone was rcferied to the undcilying Lance 
(= Laramie) foimation of latest Cietaceous date, but study of the 
associated land plants and of the Foraminifeia indicates that the Can- 



PiG 2B2 StraligiaphiG section, showing the lelations ol the Cannonball maiino mem¬ 
ber of the Port Union foi ination The inset map shows the outcrop of the Cannonball 
niombei (.black) and the lino of the section, 0-B The Golden Valley foimatioii of Eocene 
age appears as oiitliois neai Bismaick, Noith Dakota Length of section, about 200 miles, 
vertical scale greatly exaggerated 


nonball hoiizon is Paleoccne, ^ and if so, it must be transfeired from 
the Lance to the Foit Union formation Thirty-eight species of the 
Foiammifera occur also in the Paleocene (Midway group) of the Gulf 
coast, and of these 13 aie limited elsewhere to that group 
In the plains, the Fort Union formation is the chief coal-bearing 
horizon Heie it has yielded abundant plants, but almost no verte- 
biate remains Faither west, howevei, it holds an amazing array of 
strange, small, piimitive mammals 
With the exception of small aieas of Early Eocene (Wasatch) beds 
in eastern Montana and the Dakotas," no true Eocene foiraations occui 
cast of the Rockies, although they arc thick and widespiead m the 
interment basins (Fig 266) Evidently by this time relief in the 
mounLains was reduced somewhat, and the streams were at grade 
In the plains the Paleocene beds aie succeeded by the Ohgocene White 
River group which is widespiead in Montana and Wyoming, reaching 
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eastward into the Dakotas and soutlivvaid into Nebraska It forms 
the Big Badlands souLlicasl, of the Black Hills (Figs 2b3, 264) and 
IS one of the most prolific souices of fossil vcitobiatcs in the whole 
Rocky Mountain region li langcs fiom 200 to fiOO feet in thickness- 
and consists generally of clay and fine silt along with nuicli volcanic 

ash 'Die general lack ol sands 
and gravel indicates that the le¬ 
gion farthci west liad but slight 
relief at tins time 

The overlying Ankaiee growp, 
of Miocene dale, is relatively 
eoaiser, including groat quanti¬ 
ties of sand It extends farthci 
than the Oligoccnc beds and 
locally reaches a thickness of 
about 2500 feet, though in most 
places it IS far tlunnci Re¬ 
cently the Ileminqjord group was 
defined to include Upper Mio¬ 
cene formations, which in the 
past have been included in part 
in the Aiikarce Evidently up¬ 
lift was undci way in the moun¬ 
tain legion, and the stiearns 
emerging onto the plains wcie 
once again heavily laden with 
sand as well as mud 

The Pliocene is represented by 
the Ogallala group, which langes 
fiom 300 to 500 feet m thickness 
and, like the Miocene beds, con¬ 
sists of clay, fine silt, sand, and 
gravel, mostly unconsolidated 
Pleistocene deposits include glacial drift and loess noith and cast 
of the Missouri River, and very liiuitcd and patchy areas of bedded 
sand and giavel farther south 

The character of these foimations in the High Plains obviously 
reflects the eiosional history of the mountains (Fig 265) The 
coarse, sandy Paleocenc deposits indicate high relief in the mountain 
area as the stiearns emciged heavily loaded with sand and gravel as 
well as mud The lack of Eocene deposits shows that the streams 
then flowed at grade; evidently the relief in the mountains was con- 



Fig 263 Ideali/.ed panoramic section of 
the Big Badlands of South Dakota After 
H F Osborn, U S Geological Suivey 
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sideiably reduced by this time The very fine grain of the wide- 
spiead Oligocenc deposits, both here and in the inteimont basins, 
indicates veiy low lolief, and the upper surface of these bods is to be 
correlated with peneplane lemnants on the summits ot the Fiont 
Range The coarse: nature and the considerable thickness of the 
Miocene beds show that uplift in the mountain icgion had been re¬ 
sumed and the streams weie once again emerging heavily laden with 
sand By Pliocene time aiching along Llie axis of the Rockies had 
tilted the surtaoe of the High Plains eastward so that the streams 
were again at giade, in most places carrying then load of debus 
through to the Mississippi River 

The mtermont basins are occupied chiefly by Paleocene and Eocene 
deposits winch reach an aggicgate thickness of scvoial thousand feet 
Like the Cenozoic foimations of the plains, they aic mostly fluvial 
deposits of clay, silt, and sand Thick basal and maigmal congbm- 
ciates occur m places where alluvial fans were built at the mouths of 
torrential streams Deposition was independent m the several basins, 


N H CARTON, U 5 GEOLOOICAI SURVEY 



The Big Badlands of South Dakota 


Ohgocenc (5? uk clay) tn the fore- 
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the accumulation depending on the amount of subsidence, and, since 
the warping was iiregular and intcimitteiit, there is no complete lecord 
in any single basin Nevertheless, the abundant fossil mammals per¬ 
mit a correlation of zones fioin basin to basin and the building up of 
a composite scdiiiicntaiy section of these oldest Ccnozoic foimatrons 
amounting to between 10,000 and 20,000 feet (For basins, sec Fig 
257 ) 



I'lti 265 Idealized diajjiam lo show tlie lolation of sedunentiuy deposits in the High 
Plains to oiosioii suifuees m the liooky Mountains It is diawn on the .issuinption that 
the Flattop peiioplano was completed duiiiig late Ohcoceno tunc and the Horlcy Mountain 
poneplaiie late in the Miocene epoch bofoie lonewed uplift htaited canvon-cutting ni the 
raouiitanib It this be tuio, the upwaiped Flattop suifiito was onto loutnnious with the 
upper suitaco of the Oligoceno bods, and the Uocky Mountain eiosion suifaco onenially 
loinod the eiosioii suifaco sepainting the Miocono fioin the Plioicno toiniations Although 
those coiielatioiis appeal piobable, they aie not ccitainly pioved because attoi the latest 
upwaip the sti earns have not only cut valleys m the deposits of the High Plains but also 
have sti ipped back then wostoi n mai gins most of the way along the fi onl of the mountains, 
leaving a gap seveial miles wide between the leinnants of the eiosion sui faces m the moun¬ 
tains and then counteipaits in the High Plains Adapted fioni an unpublished figuie 
by K. F Fhnt 


These deposits, like those of the plains, commonly foim badlands, 
a typical view of which is shown in Fig 264 Four ma^or groups aie 
widely lecognized, three of them named from the basin where best 
exposed The oldest of these is the Paleocene homon, which em¬ 
braces the Fort Union and equivalent heels Next comes the IFa,safc/i 
jormation (Fig 266), marked by the first groat invasion of modern¬ 
ized mammals, including the “dawn hoise,” Eohippun Above this 
comes the Bndcjei joimation, with younger mammalian faunas, and 
finally the Uinta joimation, with the last and laigest of the aichaic 
mammals lepicsentcd by the giotesque uintathoics 

The Gieen River basin of Colorado and Wyoming was occupied by a 
vast shallow lake dunng much of middle Eocene time, and heie accu¬ 
mulated the fine, evenly bedded oil shales (so called because they 
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Ftg 166 Lower Eocene (jifpei WasattE) exposmes dong Cottonwood Di 0 w mar 
Lost Cahm, Wyoming 


yield oil by destructive distillation), of an average thickness of 2000 
feet Aiound the margins of the basin, however, the lake beds grade 
lateially into fluvial sediments of the Wasatch and Bndger forma¬ 
tions Most of the Gieen River strata are laminated, and, on the as¬ 
sumption that the layers are seasonal, it has been estimated that their 
deposition leqmred 6,500,000 years On this basis the Wasatch re- 
quiied 11,000,000 yeais, the Bndger 4,000,000, and the Uinta neaily 
2,000,000 

In Montana, there are rather extensive lake deposits of Oligocene 
date formed m broad valleys that were obstinoted by waipmg and 
local faulting These are the Bozeman Lake beds Near Florissant, 
Colorado, theie was a similar but smaller mtermont lake in early 
Miocene time, and its deposits foim one of the richest of all localities 
foi fossil insects and plants The sediments are largely of volcanic 
ash, which appeals to have overwhelmed and buried the life in its 
fall The John Day basin of central Oregon was another mtermont 
basin cnciicled by active volcanoes during late Oligocene time, and 
lieie was formed one of the richest known deposits of Cenozoic fossil 
mammals 
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Central Coidilleian Region 

Figure 267 displays the iclations of the major structural units of 
the Coidilleran. region. On the cast lie the Rockies and on the vrest 



I'lc,. 267. Relief model of the Coidilleran legion, showing the lelatlons oi its raajoi stiuo- 

tuial elemonlfj 


the Sieiia Nevada and the Coast Ranges, while Lhc central Cordilleran 
legion IS formed by the Coloiado Plateau and the Basin and Range 
Province (which farthei north gives way to the Columbia Plateau) 
The Basin and Range Province, with an average height of 6000 
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feet, lies more than a mile below the crest of the Sicira Nevada, 
and a few thousands of feet below the Goloiado Plateau Its ranges 
arc tilted fault blocks of Mesozoic and Paleozoic locks flanked round 
and partly buried by the Late Cenozoic sediments The Colorado 
Plateau, on the contiaiy, consists of iclatively flat-lying Mesozoic 
and Paleozoic foimations at an elevation ranging from 7000 to 11,000 
feet The rocks of the plateau were thrown into broad swells, with 
local inonoclmal flexures, dining the Laramide disturbance, and have 
been broken by a number of normal faults duiing Cenozoic time, yet, 
by and laige, it is a unit contrasting in simple stiuctuio with the 
Basin and Range Piovmce on the one side and the Rockies on the 
other 

Origin of the Basin and Range Province. The Basin and Range 
Piovmce (Fig 267) lies in the zone of the enormous Laramide tliiusts 
It IS probable that those movements continued into the Eocene, and 
that during Eaily Cenozoic time the region had a high mountainous 
surface and exterior diaiiiagc For this reason Eocene and Oligooeno 
stiata aio piactically absent 

Miocene foimations are present, howevei, and arc locally of great 
thickness Then character speaks eloquently of the events that weic 
occurring For example, in southern Nevada the Miocene deposits 
begin with coarse conglomciatc that langcs up to 3000 feet in thickness 
and lies across the beveled edges of Eaily Mesozoic and Paleozoic 
sliata The conglnmeiatc vanes gicatly in thickness within shoit dis¬ 
tances and includes angulai and subangular fiagmcnts of all the older 
rocks Ovci lying the conglomerate aie clays and silts, including thick 
beds of gypsum, magnesite, and borax The conglomciatc is clcaily 
the coarse debus of Ians formed in a legion of bold relief, and the 
clays and silts, with their saline deposits, could have foimcd only in 
arid basins of interior diamage much like the piesent basins In 
shoit, noimal faulting had begun on a giand scale, and the Basin and 
Range Piovmce had its inception m the Miocene As the new ranges 
weie greatly elevated during the Pliocene epoch, the inteivening basins, 
all in the ram shadow of the Sierra Nevada, assumed a desert charac¬ 
ter like that of today The faulting was only begun in late Miocene 
time, foi the deposits of that age weie themselves later steeply tilted 
and truncated so that they now he with stiong angulai unconformity 
below the Pliocene beds The latter, ranging up to 1800 feet thick 
and including gypsum and salt beds as much as 100 feet thick locally, 
bear witness to continued deeimning of the basins The well-defined 
fault scarps, as well as historically dated faulting, prove that the 
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movements are still going on In icsunie, this province came into 
existence thiough piofound noiinal faulting that began m Miocene 
time, reached its climax during the Pliocene, and has continued to the 
picsent 

Stripping and Canyon Cutting m the Colorado Plateau. The 
Colorado Plateau is icraaikable for tabulai plateaus, chff-bound me¬ 
sas, and deep canyons, all of the most impressive magnitude Gently 
dipping formations of Tnassic, Jurassic, and Cictaccoiis age use one 



Tig 208 Aeiial view of the Graad Canyon distiicl, looking east-noithoiist acioss the 
mouth of the canyon wheie it cute through Giand Wash Cliffs and enteis the lowei coun¬ 
try to tlio west of the Coloi ado Plateau Tho Gi and Canyon pi opei oxtonds up to the 
mouth of the Little Colorado Rivei, above wliidi tho goige is called Maible Canyon as 
far as Echo Cliffs, and above that, Glen Canyon 

above another in tcriaced plateaus bounded by unscalable cliffs many 
hundreds of feet in height (Fig 268) These cliffs aic the lececlmg 
edges of lesistant formations, truncated duiing an Early Ccnozoic 
erosion cycle, and their grandeur bears witness to the vast amount of 
stripping that the legion has suffered since the end of the Cictaccous 

The legion was moie or less extensively covered by Eocene sedi¬ 
ments (Pig 269) like those of the Green Rivci and San Juan basins, 
and since no Oligocenc formations are present, it appeals that by 
Ohgocene time the area had a low relief and wcll-cstabhshcd exlcnor 
drainage 

At some latci date there was regional uplift with inoie or less pro¬ 
found normal faulting This started a new cycle of erosion that re¬ 
sulted in extensive degradation but left no later Cenozoic sediments 
within the region It is therefore difficult to dale jirecisely the stages 
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2i5P Exeae QVaiatch') stiata m tk noitk i m of Bijrcs Canyon, Biyct Canyon 
National Path, Utah View along the urn from Smrne Pomt, Boat Mountain 
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of uphfi or to determine how many cycles of eiosion are represented 
The presence of Eocene beds uncontoimably overlying tumcated 
folds m the Mesozoic foimations (Fig 270) indicates that a large 
amount of the degradation and stripping had been accomplished during 
the interval between tiro Laiainide uplift and the local beginning of 
Eocene deposition On the other hand, the Eocene beds mantled an 
old surface of low relief, hence the present ruggedness of the region has 
come into being during later Cenozoic time 
The Grand Canyon proper is incised m a part of the area that was 
most uplifted, Lhougli it has since been reduced by erosion to a level 
2000 or 3000 feet below the plateaus farther north The Grand Can¬ 
yon district IS, in fact, a broad, nearly flat-topped dome about 100 
miles across, fiom which more than 6000 feet of Mesozoic strata has 
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been stripped (Fig 271) Ovei this dome the stiata dip gently, but 
they are iiioic abruptly bent down at its eastern inaigin in a pan of 
gieat monoclinal flexures The west side of the dome lias broken clown 
along a great noiinal fault, leaving the (hand Wash Cliffs facing 
westward towaid the lower country of the Basin and Range Province 
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Tig 270 Seotion PhoubU the Chuska Mountaina, noitliedstoin Aiuona, showing 
early Coiiozoio (Eooono’) sedimoiUs (T) lebfcmg uiiconfm mnbly on tninc.iled Ciotaooous 
(led. Km, limi) and oldoi founations in tho DohaiKC inonoclme Attei H E Giegoiy, 
TJ S Goologioal Suivoy 


Before the cutting ot the canyon began, the stiipping of this huge 
dome had reached almost its present stage and left the high cliffs of 
the icgion about as they aie now Although these towciccl above the 
inteiveiling benches i\ith a relief of a few thousands of feet, the icgion 
as a whole was much ncaicr sealcvcl than at picscnt The final up¬ 
lift of the region led to a icorganization of the drainage, initiated 
the present Coloiado River system, and started the canyon cycle 
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Fig 271 North-south soctioii aoioss the Giand Canyon logion south of Kanab, Utah, 
showing 1 elation of the piesont suiface to tho stiuctiiie The base line ib diawn at scalevel 
Dashed lines indicate the position Mesozoic foimalion.s would assume if tho oioded por¬ 
tions weie icstoied, dotted line iiidicatet. the piofile beCoia tho last uplift, which initiated 
the cutting of tlie Giand Canyon 


The date of this uplift can be dcteirained west ot tho Giand Wash 
Cliffs wlieic the river emerges fiom its canyon and crosses the Great 
Basin, flowing over Miocene beds that aic known horn their salt and 
gypsum deposits to have fornied m and basins wuthout exLoiior cliain- 
age Obviously, the Colorado Rivei did not exist, or at least did not 
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have its present course, m Miocene time Hence the great uplift of 
the plateau and the carving of the canyon are the work of Pliocene, 
Pleistocene, and Recent time'' 

Building of the Columbia Plateau. Noith of the Basin and Range 
Province, and occupying the aiea between the Northern Rockies and 
the Cascade Panges (Fig 267) lies the Columbia Plateau, a vast up¬ 
land built of Ccnnzoic basalt flows that cuvci an area of moie than 
200,000 square miles and leacli a maximmn thickness of over 5000 
feet The total volume of the lava is estimated at 24,000 cubic miles 
For the most pait it emciged through fissuics in a veiy fluid condi¬ 
tion and spread widely in sheets a few feet to a few tens of feet thick 
These flows sought the lowest places, filling the old valleys and en¬ 
croaching on the flanks of hills and mountains In tune the pie-basalt 
topography was buiicd, and a relatively flat has Jt plain was con¬ 
structed 

Tlie lai gcr streams, such as Snake and Spokane rivers, have since cut 
through the lava flows in some places, especially iicai the eastern 
margin of the plateau, revealing a pre-basalt surface of considerable 
lelicf (at least 2500 led), toimcd on schists, granites, and other pre- 
Cenozoic locks 

As the flows spiead ovei this region, they interiuptcd the drainage, 
damming streams and giving use to local lakes and swamps m which 
sediments accuinulatcrl, entombing plant and veitebrate remains 
Such fossililcious deposits now locally intcibedded with the lavas serve 
to date the eiupLions A notewoithy example is the Laiah foiniation 
exposed in the valley of Spokane Rivei neai Spokane, AVashmgton 
Consisting of sands and clays and including much rewoiked volcanic 
ash, it has an exposed thickness of about 500 feet, but deep wells 
levcal 1500 feet of such beds with mteibcddcd lava flows The de¬ 
posit lies at the eastern maigin of the Columbia Plateau and was 
foimecl m swamps and lakes cieated wdien the lava, flowing eastward, 
dammed the streams that flowed westward fiom the Rocky Mountain 
region in Idaho The Latah formation has yielded a laige number of 
well-preserved Miocene plants 

A similai deposit is Ihe Payetle formation exposed m the Snake 
Rivei Valley on tlie Idaho-Oiegon boundary about 250 miles south 
of Spokane It has yielded both plant and vertebrate fossils of Mio¬ 
cene date These and sirailai fossiliferous deposits interbedded with 
the flows indicate that the major part of the basalt eruption took 
place during Miocene time, though in some areas it continued into 
the Pliocene In fact, Snake River Valley (which forms a southeastern 
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lobe of the Columbia Plateau) i& covered by black lavfiw of Pliocene 
and Plei&tocene date in wliicli tbu fresh appearance of bpattei cones, 
like Lhose of Ciatcis of the Moon National Paik, suggchts activity 
within Recent time 

During eiuption, and also in latci epochs, the Columbia Plateau was 
broken locally by noimal faults, and was subjected to extensive, 
though gentle, warpnig, hence the plateau surface now vanes from 



Ttg 272 Idealized block diagram of a pait of the Coast Ranges, the California trough, 
the Siena Nevada, and the Basin and Ilango piovinoo The view is northwaid Iength 
of section along front face, about 250 milea Vertical scale cxaggeiiited about 50 times 
Gm, Mesozoia gianite, T, Juiussio, K, Cietaceous, ill, Miocene, P, Pliocene, IHe, Pleisto¬ 
cene, PI, Lowoi Paleozoic, Pu, Uppei Paleozoic 


3000 feet to more than 8000 feet in elevation In part, the waipmg 
may have compensated for the extrusion ot the great volume of molten 
rock from beneath the crust 

The Pacific Bolder 

The Cenozoic histoiy of the region west of the Basin and Range 
Province is extremely complex, and not yet fully understood As 
shown m Figs 267 and 272, it embraces two gicat mountain chains, 
separated by a senes of large troughs The eastern chain consists 
of two independent units, the Sierra Nevada of California and the 
Cascade Mountains of Oregon and Washington, the western chain 
embiaces the Coast Ranges The latter continue far to the north 
along the coast of British Columbia and have a counterpart to the 



PHYSICAL HISTORY OF THE CENOZOIC ERA 


423 


south in the peninsula of Lower California Between the Sierra 
Nevada and the Coast Ranges lies the Cahtornia trough, a structural 
basin which has its coimteiparts faithei noith m the Puget Sound 
basin and to the south in the Gulf of California The history of these 
units IS complexly interrelated 

Diumg Ceiiozoic time these structural tioughs were depressed as 
the borcloiing inuuntams lose, and the scdimcntaiy toiinations of this 
legion aic cnuiinously thick, aggregating moie than 50,000 feet The 
sea lepcatodly invaded the Cahfoinia trough but seldom coveicd mnie 
than a small part of it, while nonmanne sednnents wcic accumulating 
in otlici ]iaits The Coast Range belt was in pait sulmieigcrl while 
undergoing complex clcfoiraation (both folding and fanltmgl, with the 
lesult that lolatively small ombayments subsided to leccive gieat 
depths of sediment fiom adjacent island masses that weie rising 

Uplift of the Sierra Nevada Figuie 272 shows the structuie and 
mutual relations of the Sierra Nevada, the Califoima tiough, and the 
Coast Ranges of Calitoinui Although genetically related to the 
others, each has its distinctive foim and stnicturc 

The Siena Nevada rcpicscnts pait of a colossal fault block moio 
than 100 miles wide and 300 oi 400 miles long The eastein maigin 
of tins block has been uplitted lo an elevation of about 13,000 feet 
(Fig 273), and its wcslein edge depiesscd peiliaps 25,000 feet below 


r E MAIIHBS, U S OBOIDOICAI SDAVEY 

Ftg ITi East fact of the Surra Nevada, a ffMtfaiik scarf 2 miles Tele¬ 
photo mew westward from Owens Valley, Cahforma Compart Ftg 211 



Fio 274 Ciosb-pioflle of Moicod Eivoi Viillcy below Yosoitiifo Valiev, hbowing ovi- 
donos of two i5tagos of uplift a, piofile of the old, bio.id \ulle\, pi obably of Into Mioupiip 
date when the logion was still low, b, piolilc of the niouutuin v.illpv st.ige (piobabU late 
Pliocene), cut aftei the fust stiong uplift and westwuid tilling of tlip Sipi i a blutk, c, ranvoii 
stage, cut duiing the Ploistoieue in consequence ol the last gioat uplift of the Siena 
Aftei F E Mattlies, TJ S Geological Sui vey 

westward-flowing &tiearns then opened out biuad valleys About the 
beginning of the PIcisLocene, new uplift and westward tilting began, 
but the great uplift occurred near the iniddlo of this epoch, afici the 
second glacial age This elevation of scvcial thousanfls of feet brought 
the mountains to their piesent altitude and started the wcsLwaid- 
flowing streams cutting canyons within then bioacl valleys 

Evidence of these distinct stages of uplift is found in (1) the cross- 
piofiles of the valleys (Fig 274), and (2) the character of the de¬ 
posits foimcd by these streams in the California tiough 

Resume or Cenozoic Orogeny and Volcanlsm Tub Cascadian 

Revolution 

Fiom the foregoing account, it must be clear that the Ccnozoic was 
an age of gieat ciustal distuibance and extraordinary volcanic activit 3 '' 
in the western half of Noith Ameiica The Lai amide thrusting died 
out iiiegulaily duung the long Eocene epoch, and the Oligocene was a 






























Fig 275 pm oj the Ahatoka Range pisent the tifpemance of homontd 
stuita pern a distance Looking ninth across Shoilmi Canyon about 25 miles 
■west of Cody, Wyoming. 


time of comparaLivo quid dining wliich mosi- of tlio Coi’dillcian re¬ 
gion was again reduced to lowlands 
A new revolution began in ilie Miocene and continued intenniLtcntly 
to Its culmination m the far-flung regional uplift^ of the Pleistocene 
Tins last gicat orogeny 1ms been called the Cascadian revolution The 
Cascade Mountains weie in the midst of the vast area of disturbance 
but actually comprised only a small part of it The movements were 
complex and diveisified, but on the whole they wcie picdoininantly 
vertical movements (opeirogcnic, not orogemc) accompanied by noi- 
mal faulting In this we see a marked contrast with the Laramide 
revolution, winch involved great hoiizontal forces and eventually pro¬ 
duced enormous tlirufet faults and great folds During the Cascadian 
movements, folding was largely confined to the Coast Eanges and the 
Puget Sound basin In the fonner it probably resulted largely from 
the squeezing or wedging produced by differential subsidence of fau t 
blocks In the Puget Sound aiea, where the thick Eocene beds aie 
steeply uptinnecl, the horizontal compiession may have come rom 
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the intiusum of a large granitic batholitli into the noithcrn part of the 
Cascade Mountains duiing Miocene tune 
Throughout the Coidillcian icgion the last movements weie chiefly 
those of regional uplift in late Pliocene and Pleistocene time The 
greatest cuistal movement in California evidently Look place in middle 



Fig 276 Piofile section of Amethyst Cliff in Ycliowbtoiie Paik, showing lemnins ol 
eighteen successive foiests, each killed and buiied in tinn by voloanio materials Section 
about 2000 feet thick 


Pleistocene time, because the later deposits lie unoonforraably on the 
deformed eaily Pleistocene strata 

In every respect the Pleistocene epoch is allied with the Pliocene, 
and if it were not for its extensive glaciation, the Pleistocene would 
probably never have been differentiated The Pleistocene is cleaily 
a part of the Cenozoic era Whether the climax of orogeny and up¬ 
lift is now past, only the future can tell, we aie too close to it to 
]udge 
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F«g 277 Fo !stl ti ee ti/mkr exposed m the pace of Amethyst CltjJ, Yellowstone Pmk 
Compare mth Figs 176 and 16 


Volcanic activity occuncd in the Coidilleian region during this eia 
on a scale nut appioached at any other time since the remote Pre- 
Cambiian Volcanoes wcie active at the beginning of the era in most 
if not all of the westcin states Gieat basalt flows dining the Eocene 
coveied an aiea in western Washington and Oiegon more extensive 
than all New England At the same time andesitic flows built up the 
Absaroka Range (Eig 275) and the plateau upon which Yellowstone 
Paik IS located, coveiing fault-block ranges of Mesozoic and older 
locks to a depth of many hundicds of feet. Here the lavas over¬ 
whelmed forests at successive intervals of hundreds of years, as seen 
in Amethyst Cliff, whcio the stumps of eighteen successive forests 
stand petiifled (Figs 276, 277) 

Sedimentaiy beds interstratified with the lava and pyroclastics along 
the southein bordci of the Absaioka Plateau prove that volcanoes wore 
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active tlieie during middle and late Eocene as well as Oligocene time 
The oldci volcanics of the Yellowstone Park aic also of Eocene age, and 
the younger ones chiefly Miocene, though jnc&ent gcyscis and hot 
springs indicate that volcanic heat still amouldcis 
Many explosive volcanoes were active in Oligocene time, for the 
White River sediments aie m considerable pait icwoikcd volcanic ash 
During this epoch, John Day basin in ceiiiral Oicgon was filled to a 
depth of 2000 to 3000 feet with icvvoikcd volcanic ash that has pre¬ 
served an amazing array of fossil mammals 
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Tig 278 East-wcsl hootioii tliiougli Rn-ton Mesas and Mesa dp Maya, noai Tiuudad, 
Coloiado The mesas aio ipmntinls of a Plcistopoiip lava flow that spiead fioiii 1,hp foot¬ 
hills of the llockios almost to the Kansas line The lava 1 ps1 s on bevelpd Eopeno stiatii, 
wliieh m Uiin lost oil C’lotapeoub ^!o, Eocene,/f, Cietaoeous Aflci Wilha T Lee, U S 
Geological Suivoy 


The Miocene was, liowcvor, the tunc of tiuly colossal volcanism 
At this time occuiieil most of the basic eiuptions of tlie Columbia 
Plateau, Snake River Valley, and the Cascade Mountains, a vast field 
of basalt covering an aiea of moic than 200,000 squaie miles At the 
same time a great field of volcanoes in southwestem Coloiado built 
up the San Juan Mountain mass Volcanoes were scattered uvci the 
Basin and Range region and the Coloiado Plateau, and thcic was 
extensive igneous activity in Mexico Igneous activity in the Black 
Hills of South Dakota gave rise to a lemaikable senes of laccoliths 
whose paitly denuded forms aie now stiiking fcatuies ot the icgion 
In many of these regions volcanism continued with deci eased vigoi 
through the Pliocene and into the Pleistocene, no fewer than 120 fields 
of volcanoes being known with cones that were still active m the 
Pleistocene Near Timidad in llic foothills of eastern Coloiado thcie 
are impressive features of Ccnozoic igneous activity Siianish Peaks 
aic a pan of denuded majestic Eocene iiitrusives with a unique display 
of gieat radial dikes A short distance southeast of these he Raton 
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Mesas and Mesa de Maya (Pig 278), wbicli are remnants of Pleisto¬ 
cene basalt flows that spread eastward over the plains almost to the 
Kansas line 


CenOZOIC OnoCiENY AMD VoLCANISM IN OtIIER CONTINENTS 

The hisloiy of the Andean eluun of boulh Araciica paialleled that 
of the liorkics in many resiiocLs, Folded at the close of Ihc Mesozoic, 
the Andes w'erc cxti'iisively ])oncphinc'd dm mg the caihci half of 
the Conozoic and then, chiefly dining Pliocene and Pleistocene time, 
were veitically elevated by sevcial thousands of feet to their piesent 
height 

The Alpinc-I-Iimalayan systems, stretching from wcstoin Europe to 
the East Indies, had a ciimiilox and spectaeulai Conozoic liistoiy 
(Fig 279) The beginning of the Alps goes back to the Mesozoic, 
when a very binad gcosyncline oeeupiod liy Lho gi eater anccstial Medi- 
teiranean (Toihvs) spiead ovci all southern Euiopo and eastward 
acuiss the Himalayan legion In Jurassic time horizontal compiession 
fiom the south caused two or tliiee gicat folds Lo rise out of this sea 
Although Lius maiks the liegmmng of the Alpine stinctures, the re¬ 
gion as a whole lemaiiied snlmiotged dining much ol Cictaccoiis time 
At the close of the Cictaeeous tliere was further compiession and 
some uphlt, and m the Eocene tlie first decided thrust, but marine 
waters ictuiTiod between the using gcantichnal folds and persisted 
widely until middle Ohguceiie time Then occurred the first great 
pai oxysm of Al])me orogeny as the compression from the south caused 
gieat rccumlicnt folds to use as mountain aics out ot the sea, and 
to lido lonviud ovci the old foiclaiid nortli ol the goosynclme, where 
they piled up as a senes of naiijies (Fig 279, 3) 

Befoie these great thrusts lay a lowland, now the Swiss Plateau 
Ovei this was spicad, during late Oligocenc and Miocene, a vast pied¬ 
mont deposit (the il/olnsse) of sand and coaisc gravel deiivcd from 
the using moimtams Most of li is of fieshwater deposition like the 
Cenozoic deposits cast of the Rockies, hut inainie horizons show that 
the sea still had access to the noithein holder of the Alps as late as 
Miocene time In the Pliocene came luither gieat thrusts fiom the 
south that caused the okler nappes lo iidc out ovci the Molasse and 
buckled up the Jura folds that now form the noithern front of the 
Alps This also gave a great regional uplift to the entire mass, an 
uplift that reached Its culmination m the Pleistocene 
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The histoiy thus sketched for the Alps is, in general, that of the Car- 
pathians, tlie Dmaric Alps of Dalmatia, and the Himalayas In the 
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Fig 279 Development of the western Alps Adapted fioin a hgiue by Collet, aftei 
Argand Block 1 lepiesenU a bolt auoss the Alpine legion in Idio Meso^oio time when 
it was still laigely coveied by the Tethyan aoa, block 7 shows a coiiosponding aic.i in the 
modem Alps, and sections 2 to G show how the modoin stnu lino dcvelopud dining C'eiio- 
zoic tune as a senes of nappes weie thiusfc one ovei anothoi towaul the iioibli Finally, 
in late Pliocene time, imdcithuistiiiK stoopened the lOots of the southeui nappes and 
caused a seiies of thuists towaid the south, now seen in tho DmaiiL Alps a, Gieat Sfc Bei- 
nard nappe, b, nappes of the Pic-Aliis, c, Dent Blanche nappe, cl, nappe of the southern 
Alps, c, Mont Blanc massive, /, Monta Rosa nappe. 

southern one of the three langcs that make up the Himalayan system, 
marine Eocene formations now occur at an elevation of 20,000 feet, 
bearing witness to the tremendous uplift expencnccd by that legion 
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Since Eai ly Ccnozoic tunc Tim foothills of the southern Himalayas 
are behoved to liave huflcred nii iqilift of 6000 feel since the beginning 
of the inuldlo Plei.stoeene 

Many covintiies also had volcanic activity dunng Ccnozoio time In 
Cential America cspcciallv, urnl m Mexico, the Antillean islands, and 
the Andean Plateau, (here wort' groat outpourings of lava The hfoith 
Atlantic was also tlic scene of large Imsalt flows, now displayed in 
northern Ireland ((Jiant’s Causeway), noithwcst Scotland, the Orkney 
Islands, the plateau of Iceland, and eastern Greenland The great 
lift valleys of East Afiiea constituted another aicna of great ciup- 
tions. Fmallv, dunng Pliocene and Pleistocene time, volcanic chains 
became active in tlio hlediten aiiean legion and m Alaska, Japan, and 
the East Indies, completing the “Ring of Fire" around the Pacific 

CkNOZOIC CtJMATES 

Fossil plants throw imich light on the climate of Ccnozoic tunc 
I'he foicst trees have oonio down to ns with only tnvial cliangc since 
eaily C'cnozoic tunc and probalily have not clianged appiociably 
their picfeiml linhilat Moreover, it n well known that most of 
them aic rcsliicLed m then distiibution by lainfall and tcmpciaturc 
each prefernng a definite onviionmcnt Accoidingly, the vegetation 
of a subtropical lowland like Floiida has little in common with that 
of a desert liasui, or with the torcsts of a fcempciate mountain slope, 
01 with the subarctic baricns Thus it is jiossible to infci the cli¬ 
matic conditions under which a Conozoic flora lived 

A compiehcnsive study of such matenal throughout westein North 
America" has shown a stiiking change of climate since early Ceno- 
zoic time Dunng the Eocene and Oligocene epochs subtiopical types 
of ticcs, now restiicted to moist lowlands, langed widely over the 
United States and Euiopo Palms and alligators were then common 
as far noitli as the Dakotas, suggesting a climate like that of mod¬ 
ern Florida and Louisiana At the same time a moist temperate 
foiest existed in high noithcrn latitudes, notably m Alaska, Green¬ 
land, Spitzbcrgcn, and nortlicin Siberia It was dominated by the 
giant redwood and included such deciduous trees as the basswood, 
bccch, chestnut, and elm Even cycads, magnolias, and figs then lived 
m Alaska The climate was not only iniklei and more humid, but also 
more uniform than now over the far westcin United States, evi¬ 
dently because the legion was generally low and the mountains were 
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not lofty enough to intcrfcic hcnoubly with the moisture-bearing 
westerly winds 

After Eoeene tune tlicic was a slow but geiieuil southwaid initia¬ 
tion of the various plant assemblages, iiidieiiting a gradual cooling 
of the climate that became more inaikcd iii I'hoeeno time and cul- 
iiiinatcd in the Pleistocene glatnition Meanwhile, in Miocene and 
Pliocene time, the climate became moic divcrsilicd m the western 
United States as the rising mountains mtciccpted the winds, produc¬ 
ing moist western slopes and and icgions in then lee This divcisity 
was not nearly so extreme oi so widcspicad ni Miocene time as it is 
today, though the salt and othci pieeipitates cntninhed m the Miocene 
deposits of sonthein Nevada indicate latlici intense local aridity in 
the basins then fonnmg Eren as late as caily Pliocene time, lunv- 
ever, a flora like that of southeui Cnliioinia was still living m wcstein 
Nevada (the Esmcialda flora), indicating a lainfall of 12 lo 15 inches 
a year m a icgion where the present rainftdl is only 4 inches The 
final uplift of the Cordillcian langcs in the laic Pliocene and Pleisto¬ 
cene gave the intermont basins and the Groat Plains their present 
degree of aridity 

Mention should also lie made of local evulcncc of cold elmiatc at tlic 
very beginning of the cia About the flanks of the Ran Juan Moun¬ 
tains in southwestern Colorado llieie is a deposit of tilliic up to 100 
feet thick (Ridgway tillitc) lying unconformably on the Cictaccous 
and oveilain by Luffs of Eocene date These glacial deposits aie so 
distiibutcd as to indicate a source in the eiest of the mountains some 
40 miles away The presence ol such extensive valley glaciers in a 
region whcie now there arc none clearly indicates that the snowfall 
was then vastly gieatei than now, oi the aveiage tcmpciatiire was 
consideiably lower, oi else both conspued to pioduce glaciers Un¬ 
fortunately, the tilhtc can not be more closely elated, but it piobably 
was foimcd at the time of maximum uplift at the end of the INIeso- 
zoic era, or shoitly thcicafter The widespread plant evidence indi¬ 
cated above shows that by Eocene time warm temperate climate had 
spread as far noith as the Arctic Ciiclc 

Economic Resources 

Petroleum. Two of the major American oil fields diaw their pro¬ 
duction fiom Ccnozoic rocks The Gulf Coast pools of Louisiana and 
southeast Texas are in small domes associated generally with stock- 
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like plugs of iiiek wilt that have pressed up fioni below into Miocene 
sands and edays Tlie Claliioinia ml fields likewise draw ncaily all 
then ml from Miueene (ovm 30 pci cent) and lower Pliocene (65 pei 
cent) bliata 

Allihough ihe gieatcst Auiencan oil fields arc in Paleozoic or Meso¬ 
zoic rocks, it lb a very striking tact that nearly all the foreign holds 
are m Cenozme I'm'inatimiH For exaiiiplc, the nch Baku fields of 
Russia produce fi’oin tliu Aliocone, the Clalician ficldb fimn the Eocene, 
Oiigocenc, and Miocene, the Ruinanian fields from Ohgoconc to Plio¬ 
cene, those of Burma, Sumatra, Java, and Japan from the Mio¬ 
cene, and those of the Persian Gulf chiefly fioin the Miocene 

Coal Lignite occuis in the Eocene ol the Gulf Coast but is not 
commcicially exploited In tire Puget Sound region, however, the 
strong folding of the coal-hearing soiics has advanced the Eocene 
coals to a sub-hrtuunnous rank These coals are now being exten¬ 
sively used west of the Siciia Nevada and Cascade ranges Their 
total production up to 1989 amounlcd to a little over 125,000,000 
tons In several ot the coal fields of Montana and Wyoming the Foit 
Union fuimatimi is the .chief inoduciiig lioiizon, and the rcseives in 
these beds arc: extensive Iii most parts of the woild, Cenozoic coals 
are of lignite oi low-giuclo sub-hituiiiinous lank and thcicfoie of little 
picsent value 

Placer Gold. As noted hcfoic, tire placers, which yield about two- 
thirds of the annual gold of Califoima, were fmmed during Cenozoic 
time by streams degrading the Motircr Lode belt in the Sierra Nevada 
Between the Gold Rush of 1849 and the year 1946, California had 
produced ovci 11)2,250,000,000 worth of gold 

Metalliferous Veins The fabulous wealth of gold, silver, and 
copper so widely distributed tluouglrout the Rocky Mountain legion is 
for the must pait a hy-pioduct of the intrusions of Cenozoic time The 
mineral-beanng solutions of various sorts foiinecl the vast copper de¬ 
posits of Bingham, Utah, of Morcnci, Arizona, and of Santa Rita, New 
Mexico The silvci of Paik City, Utah, as well as of the great Com¬ 
stock lode, Tonopali, and othci localities in Nevada, was similarly 
foimccl in middle and latci Cenozoic tune The gold of many of the 
spectaciilai mining camps of the West, such as Goldfield, Nevada, and 
Cripple Creek in the Rockies, had a similar date ol origin 

Mexico, Central America, Pciu, and Bolivia also piovide notable 
examples of the great mineral wealth wc owe to the crustal distuib- 
ances and intrusive activity of the Cenozoic 
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Diatomaceous Earth Thick beds of pui'c diatom deposit are 
quarried fioin Miocene stiata at Lompoc, tlalilornia, and in Clicsa- 
peake Bay, for use chiefly as a sound- and heat-inbulatmg inatciial, 
as a base in polishing and scoiuing powders, and in various other 
ways The output in 1939 was 105,000 tons, valued in excess of 
$2,000,000 
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Chapter 18 


ICE SCULPTURES THE FINAL SCENE 

The Pleistocene Ice Ages Oliicicr ice luis recently coveicd ap 
proximatcly one-thiid of tlic land suifacc of the EaiLh Its effects 
may be seen on evciy hand—in the senate crests of mountains carved 
by valley glaciers, in the lake lands of Canada and Scandinavia, and 
in the drift plains of the noi th-central stales and of north-central 
Europe Over large paits of the Northern Hemisphere, human cul- 
tuie and industiy have been profoundly mfliioncod liy this fact, foi the 
glaciers stripped away the soil from sonic icgions, made swamp lands 
of othcis, deposited coaisc boulder till in places, and over laige areas 
spread the materials of an uncommonly deep, rich soil In such parts 
of the -world, ice has given the final touches in the shaping of the 
modem landscape (Fig 280) 

In view of the fai-icaching influence of glaciation duimg this last 
geologic epoch, the Pleistocene has pictuicsquely been called The Ice 
Age Such a teim, however, is a misnomer It disicgaids the fact 
that there was not one ice ago but four, and that together they com¬ 
prised but a small part of Pleistocene time In otlicr respects this 
last epoch is closely allied to the Pliocene and earlier epochs of the 
cia, and for that leason it was treated with the icst in the preceding 
chapter The long mtei glacial ages diffeicd in no important respects 
from the preceding ages of the Pliocene Ncveitliclcss, the glacial 
ages have such inteicst and importance that this special chaptei is 
devoted to that one aspect of Pleistocene history. 

Extent of the Glaciation 

Distribution of Glacier Ice. Three major icc sheets were present 
in the Noithein Hemisphere (Pig 281) One of these, centered over 
Hudson Bay, occupied nearly all of Canada and spicad southward 
into the United States (Pig 282), another ccntcied over Scandinavia 
and reached the plaims of noith Germany and western Russia, and the 
third occupied part of Siberia Greenland was ice-capped then as 
now, and the Scandinavian Ice Sheet extended southward across the 
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Fig 280 Economic and cultui al effects of the Pleistocene glaciation in Noi th America 
The aeiml view of the lake couiitiy of Manitoba (top) shows the effect of glacial scour 
which icinovcd the mantle and scooped out lake basins in solid lock The boulder field 
in New England (center) suggests how the clearing of the land was made a foimidablo 
task by coarse glacial diift The wheatlands of the Red Rive: Valley in the Dakotas 
(bottom) are pait of the floor of glacial Lake Agassiz Photogiaphs fiom Royal Canadian 
Air Foice, U S Geological Survey, and Noith Dakota Agiicultuial Experiment Station, 
respectively 
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flooi of the North Sea and covered all of the British Isles except the 
feoutlicin edge ul England In the Southcin lieunsphcie the AnLaictic 
Continent undoubtedly nas ice coveied, and the highlands of Pata¬ 
gonia in South Ameiica and of South Island in New Zealand -were 
heavily glaciated In addition, nearly all the lofty niountains of the 
woild weic capped hy snow, and valley glaciers reached far below the 
present snowline 

It IS icinarkable that the glacier ice coveied great areas of lowland, 
and in central United States reached south of latitude 40° wlicic, at 

piesent, summer tcinpcratures of 
100° P are not lare and where 
the U'gional snowdinc is at least 
1)000 feet above sealevcl 

In the United Slates the highci 
paits of the Rocky Mountains 
were glaciated as fai soiiLli as 
New hIcMco (Fig 2821, and 
the Siena Nevada and Cascade 
ranges weie also ice covcicd 
(llucicr National Park iii the 
Rockies and Yo.scmite Valley in 
tlie Siena alfoi'd well-known il- 
lu&tiations of the work oi these 
Fig 281 Hoiatooeneice fiekU ot tho No.Ui- pleistocene glaciers The Alps, 

the Himalayas, the Caucasus, 
the Pamii, and other lofty ranges of Enrasia earned gicat snow- 
fields from which valley glacicis pushed out beyond the foothills 
onto the plains The higher paits of the Andes in South America also 
had extensive glaciers 

The diiections of loe movement in Noith America are indicated in 
Fig 282 These have been detei mined by mapping the end moraines, 
by plotting the diiection of glacial strim, and by noting the distnbu- 
tion in the dnft of bouldcis of distinctive types of lock that could be 
traced back to their souice The stiiking fact is that the icc did not 
spread southward fiom the polar region but radiated from centers 
in the latitude of Hudson Bay 

Two quite distinct sheets can bo distinguished, even though they 
foimcd parts of a single great field of ico The larger of these is the 
Lamentide Ice Sheet,^ wdnch centered over Hudson Bay and thence 
spread southward for a distance of some 1600 miles across the Great 
Lakes region into the Mississippi Valley It also spread westward up 





Fig 2S1 Fki.rtncene glmw ict m Noub Aimaa Somtiiihut gtimultiid to shim 
maximum extent of the glaaatum Anows show geneiahzed diieetiens of glacier 
floui Aftei Richaid F Flint 


the long slope of the High Plains to the foothills of the Rockies and 
noithward to the Aictic islands On the east and noitheast the ice 
pushed out to sea and, at its maximum, may have been continuous 
with the Greenland Ice Sheet 

It is piubable that the Lauicntide glacici ice first began to form 
ovei the mountains of eastern Labrador and Baffin Island ^ and fiom 
theie grew westward until the ccntei of accumulation was in the Hud¬ 
son Bay aiea * 

’•'Tlio cun cut belief that Iheie weie two independent cenLeia of accumulation 
m this legion, one west of Hudson Bay and anothei ovei Labiadoi, is not borne 
out by lecent studies ‘ 
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The second major ice sheet was the Coi dilletan Glacier Complex, 
which occupied the mountainous icgion of wofeiern Canada Ice piob- 
ably began to foiin here as valley glaciers that radiated from the 
highest paits of the Coast Eanges and the Rockies As these livers 
of ice weie extended to the lowlands, they developed iiiln a complex 
of piedmont glacicis that not only spread over the foothills cast of 
the Rockies and into the sea Avest of the Coast Ranges, but also con¬ 
verged to nil the broad basin between the two mount am systems Up 
to this time the high ranges, mteiccpting the inoisturc-hearing Avinds, 
had been the chief centcis of accumulation, and the spicad of ice had 
been in part centripetal As the intennont hasm was filled, howevoi, 
it became the chief center of accumulation fiom which movement 
radiated over both the Coast Ranges and the Rockies 

Thickness of the Ice Thcic is no direct evidence of the thickness 
attained at the centci of Ihc LuuicnUdc Ice ShccL The aiea of this 
Pleistocene sheet (4,800,000 square miles) ivas somewhat grcatei than 
the existing ice cap of the Antaictic Continent (4,000,000 square 
miles) The suiface of the ice in Gieenland and on the Antaictic 
Continent is about 10,000 feet above scalcvel and appears almost flat 
except near the pcriphciy, where it slopes off with iiici casing sLcepness 
to the wasting margins During ma\imum gliiemtion the icc of the 
Laurentide sheet flowed wesiward up the long slope to the foothills of 
the Rockies, whcie it reached an elevation of about 4000 feet, and in 
its southwaid flow it covered the White Mouiil.ams (exceeding 5000 
feet) and probably all of the Adirondacks (exceeding 4000 feet) 
Since ice moves in the direction tovwud which its suiface slopes down, 
the altitude at the centra of accumulation must have exceeded by a 
considerable amount the height of these features which the ice over¬ 
rode near its peripliciy Since the surface of the land about Hudson 
Bay IS near sealcvel (and was then piobahly dcpicsscd by a thousand 
feet 01 more undei the weight of the icc), it is nut unlikely that the 
glaciei was at least 8000 to 10,000 feet thick over a large ai ea 

Glacial akd Interglacial Ages 

When erratic boulders strewn over the plains of northern Europe 
and over New England were recognized as the woik of a ioiraer ice 
sheet, they Avere at first quite natuially aliributed to a single glaci¬ 
ation But as the study of the glacial deposits was carried westward 
into Illinois, Wisconsin, and IoA\m, two distinct sheets of drift were 
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found at many places to be scpaiated by old soil, beds of peat, or 
layers of till that had been leached and decayed (Fig 283) Heie the 
uppeimo&t diift, like that in New England, appealed fresh, but the 
buned drift sheet showed the effect of chemical decay and was obvi¬ 
ously much the oldci Moi cover, in places, the soil and peat oi gravels 
between two such sheets of till included fossil wood and leaves and 
bones, indicating the existence of animals and plants of tcmpeiate 



Fig 283 Idealized block diagiam showing the relations of three imbncatmg dnft 
shoots The block iGpieseiits an aioa many miles atiobs, and the veitioal scale is exag- 
geiated The flr.st glaciation spiead till acioss the cntiie legion In the long mteiglaoial 
age that followed, the suifaco of this fiist drift sheet was weathoied to gumbotil (black) 
The second advance of the loo fell shoi t of tho fit st, and m a bi oacl mai ginal belt the glaoiei 
ice oveiiode tho older till, gumbotd, and peat deposits. Duiing a second mteiglaoial age 
this till m tmn sufteied long weatheimg and developed a gumbotil In connection with 
the thiid glaciation, loess was spiead widely ovei the oldei diift, and thiam tuin wasovei- 
nddeii by the glaciei ice which fell short of tho middle of this aiea No gumbotil has yet 
foimed on the youngest till 


climate On this basis it came to be icalizcd, about 1870, that two 
distinct advances of the ice had been separated by a relatively long 
Intel val of waim climate when forests giew ovei the older diift, and 
plants, such as the pawpaw, ranged consrderably north of their pres¬ 
ent limit 

By further application of the same principles, it was soon discovered 
that more than two glacial ages are recorded in the upper Mississippi 
Valley Meanwhile, similai discoveries were made in northern Eu¬ 
rope, and now four glacial and thiee mteiglaoial ages aie estab¬ 
lished in both Europe and Ameiica These have been named for lo¬ 
calities m which their deposits aic typically developed, each glacial 
age in America bearing the name of a state Independent names have 
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been used m Eiuope, but it now appeurh piobable that the glacial ages 
lecognizcd on the two sides of the Atlantic coiiespond in time, 
Recoids ol the last glacial age are so abundant and so leady of 
access that much detail can be worked out, and in icccnt yeais four 
distinct glacial advances, sepaiatcd by extensive recession, have been 
recognized as subages of the last or Wisconsin glacial age 

Implications of Pollen Analyses An analysis of the pollen, 
abundantly preserved ni peat associated with the glacial deposits, has 
recently added much to om understanding of the glacial history 
Since the pollen of each kind of forest tiec is distinctive, a pollen 
analysis indicates quite clearly the composition of the sunoimdmg 
vegetation in which any dcjiosit of peat accuiniilated The modern 
species were extant during the whole of the Pleistocene and, then as 
now, were grouped into charactciistic assemblages—for example, 
tundra plants, fir-spruce foicsL, tamaiack, pinc-mixcd liaidwood for¬ 
est—each adapted to a distinct climatic cnvnonincnt Thus it is pos¬ 
sible to infer, for example, that when ccitain intci glacial deposits wcie 
foimmg at Toronto (the Don beds) the mean tempciaturc was higher 
by 2° 01 3® C than it is at present, and conversely, that when rcilam 
layeis of peat wcie foiuiing about Quincy, Illinois, the sinronnding 
forests were ol balsam fir, tamaiack, pine, and bnch, an assemblage 
that now lives at least 200 or 300 miles faiLlier noith 

Implications of Fossil Mammals The land animals of both Eu¬ 
rope and Noith America likewise migrated widely as the ice spread 
and waned During the height of glaciation, for example, the lein 
deer came as far south as southern New England, and the musk-ox 
ranged to Kentucky and Arkansas and Texas On the other hand, 
some of the interglacial deposits include both animals and plants that 
suggest a climate somewhat warmei than the present 
It is clear, therefore, that the climate was coldci than at present 
during the four glacial ages when ice covered far moie than half of 
North Ameiica and approximately half of Europe, and that it was 
somewhat warmer than at present during at least some paits of the 
inteiglacial ages, and that the icc sheets then had lotieated far to the 
noith and probably had disappeared both fiom the mainland of North 
America and from Europe 


Stratigraphy op the Drift 

The time represented by the existence of one of the continental ice 
sheets desciibed above is a glacial age, and the time that elapsed be- 
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tween two of these is an inteiglacial age These aic the major time 
units of the glacial epoch, and the coircsponding stiatigraphic unit is 
a stage Thus, the deposits fonnecl during the Wisconsin glacial age 
constitute the Wisconsin stage, and those formed during the Sangamon 
intei glacial age constitute the Sangamon stage 

Figure 284 shows the distiibution of the foui drift sheets Their 
stratigraphic relations aie fuithei illustrated by Figs 283 and 285 



Fig 284 Map showing the southern liiiiit of glacial drift in the United States Note 
that in the Mississippi Valley the oldoi drift sheets extend fnithei south than the youngest, 
and heie four sheets aie differentiated Aftei Richard F Flint 


The Wisconsin stage is the uppeimost drift sheet and is the one 
most easily mapped and the best under stood For this reason it will 
be described first, and the older sheets will follow in turn, thus re¬ 
versing the actual historical sequence The end moraines of the Wis¬ 
consin stage loop across the Central Lowland in festoons that outline 
the great southern lobes of the ice Its surface still retains the char¬ 
acteristic features of a glacial deposit—the swells and swales of the 
end moraines and the broad undulations and lakes and swamps of the 
ground moraine, locally diversified by drumlms It has suffered only 
slight chemical change during the few thousands of years since the 






444 


HISTORICAL GEOLOGY 


ice wasted away Although a thin soil has formed over it and peat 
has accumulated extensively in the lakes and swales, chemical decay, 
even in fine materials, is limited to slight leaching to an average depth 
of 2 or 3 feet, and most of the boiildcis are as ficsh as quariicd stone 
Along the main streams it has been partly removed, but elsewhere it 
has undergone but slight erosion Outwasli plains and valley tiains 
beyond the end moraines arc still easily iccognized 

In New England the Wisconsin ice sheet flowed out beyond the 
present coastline (then diy land), largely destroying oi concealing any 
marks of earlier glaciation, and tbcie glacial studies are concerned 
almost exclusively with the Wisconsin diift In the lowlands of the 
Ohio-Missouri River basins, on the contrary, the Wisconsin ice fell 
short of the earlici advances, and there the scr^cral known Pleistocene 
stages foim an imbncatcd succession, as suggested m Fig 283, and 
each m turn can be studied 

The Illinoxan stage is known chiefly in Illinois, southern Indiana, 
and central Ohio, where it is not covered by Wisconsin diift, but it is 
exposed also in smaller areas in Wisconsin and Pennsylvania and New 
Jersey Unlike the Wisconsin till, which is largely composed of sand, 
giavel, and bouldcis, the Illmoian till is chiefly made of silt and clay 
Its surface retains traces of morainic topography, but mass-wasting 
of swells and deposition in swales have softened the relief 

Overlying the Illmoian till are materials that must bo referred to 
the thud inteiglacial (Sangamon) stage These include the leached 
and decayed zone at the top of the till, numerous deposits of peat and 
of stratified sand and gravel, and a sheet of loess In contrast to the 
freshness of the Wisconsin drift, the Illmoian till has a zone of oxida¬ 
tion that extends from 10 to 25 feet deep and a zone of gumbotil 
averaging 4 icet thick, even wheie it is overlam by fresh Wisconsin 
drift. Gumbotil is a daik sticky subsoil so named because it is a 
product of the chemical weathciing of till The presence of such 
material under the Wisconsin drift, where it has been protected since 
the beginning of the Wisconsin age, iiroves, of course, that the chemi¬ 
cal decay was experienced by the Illmoian till during the Sangamon 
interglacial age Also belonging to this last interglacial age is a wide¬ 
spread layer of loess (the Loveland loess of Nebiaska and the Sanga¬ 
mon of Illinois) Pollen in a bed of peat preserved at Wapello, Iowa, 
records vegetation identical with that now inhabiting the area, sug¬ 
gesting that while tins peat was forming the climate m Iowa was like 
the present 
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Fti 2S5 Supeiposed sheet! of till with gumhttl and hiss exposed in a lailioad 
cut wuthwest of Rhodes, lorn The scale is titdteated hy the man at the left 
above 


The Kansan stage is represented by a sheet of till that is widely 
exposed in Iowa, northein Missouri, and noithoastein Kansas, wlieie 
it aveiages about 50 feet in thickness East of the Mississippi River 
it IS known in places beneath the youngei sheets of diift 
During the second interglacial (Yarmouth) age, the surface of the 
Kansan till was deeply leached and decayed, and a layer of gumbotil 
was formed with an avei age thickness of 11 feet In places the till is 
covered with giavel beds, lepresenting outwash, that aie so deeply 
decayed that granite boulders commonly crumble and fall to pieces 
when struck with a hammer The Kansan till is also widely coveied 
with a layei of loess (Fig 285) Beds of peat found at sevcial places 
between the Kansan and Illinoian tills have yielded the pollen of for¬ 
ests of balsam fi-, pine, and tamarack, suggesting a climate somewhat 
cooler than the present It is not known, however, w'hat part of the 
long mieiglacial age they represent 
The Nebaskan drift had appioximately the same distribution as 
the Kansan, and its exposures aie very limited, but it lies buried be- 
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neath most of Lhe area mapped as Kansan It was a thick sheet of 
till spiead over an irregulaiiy eroded preglacial surface and avei aging 
moie than 100 feet in thickness 

Overlying the Nebraskan till are deposits of the first interglacial 
(Aftoman) stage Those include a layei of gmnbotil averaging 8 
feet thick, and scattered deposits of peat sandwiched between Nebras¬ 
kan and Kansan till Pollen analyses from five such deposits in Iowa 
indicate at first a long time when the region was oceiipicd by conifer 
forests, suggesting climate cooler than the piesent, then a landscape 
coveied with grasses, indicating long endurance of a climate like the 
piesent, and finally a return of conifei forests and coolei climate as 
the Kansan glacial age appioached 

Duration op the Ice Ages 

Much ingenuity has been devoted to attempts to establish an abso¬ 
lute time scale for Lius last geologic epoch, one in which events could 
be dated in years Curicnt results aic indicated in the table on p 
451, but it must be confessed that the age calculations involve a laige 
degree of probable crroi and in ])art are highly sulrjcctive Such 
figuics aie, theiclore, only tentative estimates 

Estimates of Postglacial Time. Nearly all attempts to measure 
the length of Pleistocene time involve two steps first, measuring the 
length of “postglacial” time and, second, with this as a yardstick, 
estimating the lelative length oi each of the interglacial ages Two 
chief criteria have been invoked to measure “postglacial” time, one the 
rate of recession of postglacial wateifalls and the other the bodies of 
varved silt and clay foimed in preglacial lakes duiing the recession 
of the last ice sheet. 

The Falls of St Anthony in the Mississippi River at Minneapolis 
will serve to illustrate the first method of calculation Below the falls, 
and extending nearly 7 miles to Fort Snellmg, them is a goigc 75 to 
100 feet deep and about a quarter of a mile wide, pioduced by the 
recession of the falls It can be demonstrated that the cutting of this 
gorge began when the icc margin, during the last dcglaciation, stood 
neai the position indicated in Fig 286 In nearly 250 years alter 
the falls were fiist obseived by wdiitc men, their recession upstream 
averaged 2 44 feet pei yeai At this rate, 15,000 years wcie lequiiccl 
to cut the postglacial gorge 

There is good leason for believing tliat the cutting of this gorge 
began at about the stage of dcglaciation represented in Fig 286 In 




ue jiont and teponal dratnagt idatmr as sky extsud whn the cutting of the 
geige helm the falls began Details of the atea about the falls aie shorn m the 
inset, m which biiiied pieglacial channels are indicated in white and mdirn 
valleys m dark gtay Based on data pom Leverttt and Tayloi and pom G M 
Schwartz 


preglacial time the Mis&issippi had cut a wide valley, its mam tiunk 
following approximately the course of the present Minnesota River 
above Foit Snelhng The last glaciation filled all prcglacial valleys 
with drift, and, when the ice melted back, the streams at first wan¬ 
dered ovei the surface of the drift, eventually incising themselves m 
new valleys As Minnesota was exposed, thice mam streams, the St 
Croix, the upper Mississippi, and the Minnesota, united near St Paul 
Cutting down through the diift, the tiunk stream discovered the old 
prcglacial valley just below St Paul (see inset of Fig 286) and pro¬ 
ceeded to lemove the loose fill below this point with relative ease. 
But from St Paul to a point just south of Foit Snelling the new stream 
was supei posed upon the old upland of hoiizontal limestone beds 
Here its downcutting was gieatly retaided, and, as it plunged fiom 
the suiface of the limestone into the old valley, a falls was initiated 
that gradually migi'atcd upstream until it again cut through into 
the bulled preglaoial valley a short distance southwest of Fort Snel¬ 
ling The reoesbion of this great falls produced the narrows in the 
valley at St Paul, which aie therefoie obviously postglacial 
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Foi a time aftci deglaciation of the region aiound Minneapolis, all 
three feti’cam blanches earned great volumes of meltwater, but after 
the ice margin had reached the Canadian border, the diainagc through 
the upper Mississippi diminished to something like its present volume 
That of the Minnesota River, on the contrai y, inci eased greatly as it 
became the outlet of the vast glacial Lake Agassiz, which formed 
over the Red River Valley while the ice still luevcntccl drainage to 
the north Thus, until the chsappcaiancc of Lake Agassiz, the sticam 
we now know as the upper Mississippi was but a second-rate tiibii- 
tary to a great glacial stream that tollowcd the present valley of the 
Minnesota River above St Paul The cutting of the nanows at St 
Paul was chiefly the woik of this gieat glacial sticam and w’as accom¬ 
plished while Lake Agassiz was discharging the meltwater from a great 
area of the icc This gives ns the clue to the position of the ice mar¬ 
gin when the postglacial narrows at St Paul were cut 

After the gicat falls in the glacial Minnesota River had recoded 
past the mouth of the Mississippi tiibutary, the latter plunged fiom 
its limestone bed into the new valley and thus initiaLcd the Palls of 
St Anthony 

Unhappily for this calculation, howcvei, a comparison of maps, 
sketches, and descriptions made since 1C80 shows that tlic rate of 
recession has accclciated gieatly during the period of obscivation 
This is probably duo to the fact that the PlatLville limestone, which 
holds up the lip of the falls, thins upstream in the vicinity of the 
present falls It appeals evident, then, that the avciage rate of reces¬ 
sion has been less than 2 44 feet per year, that the cutting of the goige 
may have required more than 15,000 years, and that the probable 
error in the rate of iccession may be great Fuithcrmoie, we have 
been attempting merely to measure the length of time since the ice 
front stood at the position indicated in Fig 286 It had aheady re- 
tieated some 700 miles from rts farthest advance in Iowa, and theic 
is no objective basis for determining the tune involved in that retreat 
A figure of 10,000 years has been postulated, making the total time 
25,000 ycais since the ice front was in Iowa, but 10,000 years is a 
highly subjective inference 

A quite different approach to the measurement of postglacial tune 
involves the study of varvod silt and clay The stnkingly banded 
appearance of such deposits (Fig 287) is due to a regular alternation 
of thin laminae of silt (noimally light in coloi) and of fine clay (nor¬ 
mally darker). The Swedish geologist DeGeci discovered that such 
lamination is due to the special conditions that exist in proglacial 
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lakes During the summer months meltwater beais fine sediment in 
suspension, giving the water a milky, tin bid appeal ance Cui rents 
and waves spread this turbid water, Iiom which the coaiscr pai tides 
gradually settle to foim a layer of silt on the lake floor When wintci 
comes, the meltwatci ceases to flow and the lake ficezes over Then 
for some months, while the water is free of distuibance, even the col- 
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Fig 287 Vaive clay fiom a glacial lake bed at South Hadley, Masanohusetts At the 
right, a small detail, natuial size, showing the giadation of the light giay, summer layeia 
upward into the dailc, winter layers 


loidal pai tides of sediment settle slowly to foim a layer of fine unctu¬ 
ous clay With the letuin of summer a new layer of silt foims over 
the previous wintei’s deposit Thus the paiied layers of silt and 
clay, like growth rings in trees, record actual years of time, and it is 
a simple matter to count the layeis and determine how many yeais 
were requnod for the formation of a deposit of vaive clay 

Of couise, no single pioglacial lake existed thioughout the time 
involved in the shrinkage of the ice sheet, but DeGeer discovered an 
ingenious way of matching the bands in contemporaneous deposits of 
different lakes or in different outciops, and thus was able to piece to¬ 
gether many of the fragments of the record Lakes tend to form 
about the margins of a melting ice sheet, occupying either depressions 
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behind moraines or inequalities in the lock floor where the ground 
moraine is thin, and thus probably much of the Lime icpresented by 
deglaciation was recorded in varved sediments in one place or an¬ 
other DeGeei pieced together the rccoids of about 1500 outcrops 
lying between the southern tip of the Scandinavian peninsula and the 
modern proglacial lakes in central Sweden, and on Lius basis inferred 
that the shrinking ice exposed southern Sweden about 13,500 years 
ago The ice inaigui lay in the plains of southern Germany during 
the maximum glaciation, and it has been inipohsible to find vaived 
deposits to measure the duration of the recession from that limit to 
southern Sweden, but obviously it was scvcial thousands of yoais 
Recent estimates, based in part on DeGeei’s woik, place the date of 
maximum expansion ol the last glaciation m Euiopc at about 35,000 
years ago, but such estimates icst on no objective data and are obvi¬ 
ously little more than guesses 

Recently the discovery of the signiheancc of the ratio of two iso¬ 
topes of Carbon (Cu and C’u) m Flcistoccno iossil wood has given 
an cntiiely new and dependable eritoiion of age On this basis the 
last (Mankato) advance of the icc occurred lu Wisconsin about 11,000 
years ago 

Estimates o£ a Pleistocene Time Scale. There is no direct 
method of cleteimining the length of the mtci glacial ages, and esti¬ 
mates of their duiation aie based upon a conijiaiison of the weather¬ 
ing and decay of the older tills For example, the Wisconsin till is 
almost flesh, showing but slight leaching m the upper 2 or 3 feet, 
wheieas the Illinoian is deeply leached and has developed a gumbotil 
about 5 feet thick It is certain that this long decay took place betoie 
the Wisconsin glaciation, because the last sheet of till has protected 
the buried drift fiom weathering Obviously the Sangamon intergla¬ 
cial age was several tunes longer than all postglacial time The Kan¬ 
san diift IS even more deeply weathered, and its gumbotil is about 11 
feet thick Its bouldeis also have been weakened by long decay 
The underlying Nebraskan drift has a somewhat thinner gumbotil, 
and the first interglacial age was somewhat shoitcr than the second 
Although there is no dependable ciitciioii foi the comparison, it is the 
judgment of the most profound students of glacial deposits that the 
Sangamon interval was not less than five times the length of the post¬ 
glacial age, the Yarmouth not less than twelve timc,s, and the Aftonian 
about eight times The resulting estimates are 135,000, 310,000, and 
200,000 years, i espectively To these must be added the quite un- 
ceitam duiation of the several glacial ages, giving a total duration 
foi the Pleistocene epoch estimated roughly at a million years There 
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IS now hope that a study of the radium concentiation m sediments 
on the sea flooi will give us an absolute cluonology toi the last 300,000 
years oi so ^ 

Cuirent estimates of glacial dates aie indicated in the following 
table of Pleistocene chronology by Flint 


Calendar of Pleistocene Time 


Epochs (of 
Time) 
Senes (of 
Deposits) 

Ages (of Time) 
Stages (of Deposits) 

Subages (of 
Time) 

Substages (of 
Deposits) 

Duiation m 
Yeans 

(Estimates in 
Roman type, 
guesses in 
italics) 

Estimated 
Time Elapsed 
to Piesent 

PleistocoiiG 

epoch 

Wisconsin Glacial 

MankaliO 

Caiy 

Tazewell 

Iowan 

25,000 

10,000 

10,000 

10,000 

25,000 

35,000 

46,000 

66,000 

Sangamon Intel glacial 


135,000 

190,000 

Illmoian Glacial 


100,000 

200,000 

Yaimouth Inleiglacial 


310,000 

000,000 

Kansan Glacial 



700,000 

Af toman Intel glacial 



900,000 

Nebiaskan Glacial 


100,000 

1,000,000 


Pliocene 

epoch 


Fluctuations of Sealevel If the modem ice sheets of Gieenland 
and the Aniaictic Continent were melted, sealevel would rise, it is 
estimated, by as much as 100 feet, drowning the low coastal plains 
and tiansforimng the lower courses of many stiearns into estuaries 
But if, on the contraiy, the former gieat Pleistocene ice sheets weie 
restored, the watei thus withdrawn from the oceans and piled up on 
the lands would lower sealevel by 300 feet or moie, shifting the shore¬ 
line seaward almost to the piesent 50-fathom line 
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There is clear evidence tliat such striking fluctuations of sealevel 
have taken place repeatedly since the beginning of the Pleistocene 
During times of maximum glaciation, sticams wcie extended acioss 
the exposed paits of the continental shelves, cutting valleys that are 
now subineiged In subtiopical icgions the reduced tempcratuies at 
the same time inhibited the growth of corals and permitted the waves 
to cut wide benches about oceanic islands and along exposed coasts 
These benches have since been transfoimcd into lagoons by the growth 
of bariier reefs along their margins as the sealevel lose Some of the 
low wave-cut benches extensively pieservcd along the modern coasts 
may have been cut during intei glacial ages when the ice sheets of 
Greenland and the Antarctic Continent weie ieduced and the sealevel 
stood higher than now 

The loweiing of sealevel by 300 feet or moie made diy land out of 
extensive aicas of shallow sea and pcimitted migiations of land ani¬ 
mals and plants that would now be impossible England, for example, 
was united to the continent of Europe, so that the hippopotamus 
crossed the channel fiom Fiance, and Boinco ami Suraatia in the East 
Indies were a pait of Asia, so that elephants, iliinoccroscs, and other 
laige mammals ciosscd the lowlands now siibmciged to foiin the floor 
of the Java and Sunda seas Alaska and Siberia were also united 
by land, and the woolly mammoth crossed freely 

Depression of the Ice-Covered Regions The ice caps that 
foimed ovei Canada and Scandinavia wcie loads too great for the 
Earth’s crust to support, and both regions sagged to the extent of 
many hundreds of feet at the very least The depiossion was gicatest 
where the ice was thickest, and in Canada it amounted to about a 
thousand feet in the aica midway between the Great Lakes and James 
Bay Since the ice wasted away, theie lias been substantial recoveiy, 
but before the iipwarping took place, unmistakable recoids of the 
depression had been made in the foim of beach iidgcs and wave-cut 
cliffs along the shores of vast proglacial lakes These featuips, still 
recognizable, have been studied and mapped One of them, marking 
the shore of glacial Lake Algonquin, is at an elevation of nearly 600 
feet in west-central Michigan but rises to 935 feet at Sault Stc Mane, 
1150 feet at Noith Bay on Lake Huron, and appaicntly 1450 oi 1500 
feet at Goudieau Lake, 150 miles north of Sault Stc Mane This 
indicates a lelative iipwaip m postglacial time of 335, 550, and 850- 
900 feet, respectively, at the places named The beaches of glacial 
Lake Agassiz (Fig 286) in Manitoba show a similai upwarp toward 
the noith amounting to at least 400 feet 



ICE SCULPTURES THE PINAL SCENE 


463 


When the icc had wasted hack far enough to free the St Lawrence 
Valley, the region was still so much depressed that marine water 
spread up the St Lawrence and into the Champlain Valley and prob¬ 
ably into Lake Ontaiio, depositing a layer of blue clay with abundant 
shells of an aictic molluscan fauna This is the Leda clay, so called 
foi a small but chaiacteristic clam The lecent discoveiy of two whale 
skeletons in bogs above the glacial deposits in Michigan indicates that 
for a biief time the sea was directly connected with the Pleistocene 
Great Lakes Marine shells and the bones of whales have been found 
in the Leda clays at least 500 feet above sealevel at the Veiinont- 
Quebec boundaiy, nearly but not quite up to the Lake Ontaiio level at 
Kingston, and at about 600 feet in the Montreal-Quebec area The 
postglacial upwaip thus indicated is piobably a minimum measure of 
the depression caused by the ice 

Glacial Erosion beneath the Ice Sheets Radial movement of 
the Laurentide Ice Sheet stripped the mantle fiom a vast area of the 
Canadian Shield, leaving a floor of fresh bedrock scouied unevenly 
into thousands of shallow basins now occupied by lakes (Fig 280) 
The areas of bare lock showing through the scant covei of vegetation 
advertise the fact that the glaciation cost eastern Canada one of her 
greatest icsouices, the soil that had foimed during the ages before the 
coming of the ice 

Over a broad peripheral belt the icc spread its load of diift, filling 
pie-existing valleys with till, and smoothing the inequalities of the 
surface Thus the material stnppcd wholesale from the southern part 
of Canada was spiead widely oven the north-central United States to 
form the source of a very deep rich soil 

Drainage Changes. As the icc sheets advanced southwaid into 
the United States, all north-flowing streams were blocked, and the 
meltwater was turned along the margin of the ice until it spilled over 
divides into south-flowing sti earns The channels thus formed at the 
maximum advance were in many places held after the disappearance 
of the ice, because foimer channels weie obliteiatcd by the diift The 
present couise of the Ohio River is due, thus, to the welding together 
of many short tributaries to different streams, several of which had 
flowed northward in preglacial times (Fig 288) The course of the 
Missouri was also locally shifted to the southwest For this reason the 
Ohio and Missouri rivers record lather closely the limits attained by 
the ice sheets at their greatest extent 

Development o£ the Great Lakes Before the glaciations the 
basins now occupied by the Great Lakes were probably broad lowlands 
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eroded by pieglacial btreams The Lake Superior ba&m mark& an 
ancient synclinal structure occupied by relatively weak locks in which 
a broad valley had been eroded, the other lake hiibiiis were ciiived on 
the outcrops of lelatively weak locks in front ol or between the cuestas 
that had been sculptured by Geiiozoic erosion of the Paleozoic forma¬ 
tions ovci lapping on the Canadian Shield, These lowlands were 



I'lQ 288 Diainago ohangea m tlio Ohio and MisnsMippi iivci basma due to glaciation 
Preglaoial diainago courses are shown m biokon linos Adapted from R F Flint (1947) 


drained by streams, some of which probably flowed southward through 
gaps in the cuestas, while others may have flowed northeastward into 
the St Lawrence As the successive ice sheets flowed outwaid, they 
filled these lowlands with thick ice lobes that gouged and deepened 
them, especially where, as in the case of Lakes Supciioi and Michi¬ 
gan, the axis of the depression nearly coincided with the directions of 
ice flow 

South of the Gicat Lakes basins, on the otlici liand, llto ice sheets 
spread a thick mantle of drift that filled aiirl deeply buried the old 
valleys for scores of miles As a result, when the ice later retreated 
noithwaid over the Great Lakes region, its front became deeply lo- 
bate, with a great tongue ol ice occupying cacli of the deepened basins 




ICE SCULPTUEES THE FINAL SCENE 



Fig 289 Thiee stages in the development of the Great Lakes as the last ice sheets wasted 
away Adapted from Leveiett and Taylor, XJ S Geological Survey 
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As these shrank back, lakes formed about the end of each of the 
lobes, the watci standing at the level of the lowest spillway that 
would lead southwaid aeioss the diift into the Mississippi diamage 
system At fiist the overflow was southward via both the Wabash and 
Illinois rivers, but somewhat later it was westward along the front 
of the ice to the vicinity of Chicago (Fig 289A), whcie an outlet was 
found via the Illinois River Eventually the Mohawk Valley in New 
York was ficcd of icc, and this ojicncd a much lower spillway whcieby 
the drainage was for a time diveited oast into the Hudson Rivei (Fig 
289-B) At a still later stage the St Lawrence Valley was opened, 
and the drainage of the iippei Crrcat Lakes eseaped northeast fiom the 
Lake Huron basin across southern Ontaiio liy way of the Ottawa 
Valley (Fig 2890 As the ice wasted away, thcie was gradual re¬ 
covery from the depression it had caused, lesnlting in piogicssive up- 
warp of the region northeast of a hinge line tliat lan thiough central 
Michigan and southern Ontario (Fig 289) This ultimately laised 
the Ottawa outlet until the lowest spillway was across the edge of 
Niagara cuesta at Lewiston At this stage, the Niagara River in¬ 
creased greatly in size 

Various othei impoitant lakes were foiincd by the glaciation The 
Finger Lakes of ccntial New Yuik, for example, maik open valleys 
carved in the margin of the Allegheny Plateau by noithwaid-flowing 
streams in preglacial times As the ice lode southward, it gouged 
deeply where it was crowded into these narrow valleys Upon the 
retreat of the ice, these overdeepened places became lakes The great¬ 
est of all the glacial lakes was Lake Agassiz, previously mentioned 
(Fig 286), which formed in the plains of eastern North Dakota, 
northwestern Minnesota, and Manitoba, while the ice still occupied 
the basin of Hudson Bay, imponding the water until it overflowed the 
divide to the south by way of the Minnesota Rivci Although the 
lake attained an area nearly five times as gioat as that of Lake 
Superior, it was relatively shallow, the old strandhnes indicating a 
probable maximum depth of about 400 feet at the international bound¬ 
ary, The disappearance of the ice allowed the lake to drain away 
into Hudson Bay. The floor of the former Lake Agassiz is now the 
lemarkably flat and fertile wheat land of Noith Dakota and the Red 
River Valley of Manitoba (Fig 280) 

End of the Ice Ages 

If our time scale for the Pleistocene epoch m any sense approaches 
reality, it is clear that we probably are now in a minoi interglacial 
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subage in which the icefields have shrunk from a maximum of 32 per 
cent of the area of the land surface of the Eaith to about 10 per cent 
There aie still moie than 5,000,000 square miles of ice sheets in the 
Antarctic Continent and Giccnland, and the polar seas are choked 
with floe ice, while lofty mountains the woild around bear active 
glaciers Furthcimore, it is estimated that a decline in the mean an¬ 
nual tcmpciature of not more than 5° C would bung a return of the 
ice sheets as they were during the last advance ^ 

Judged by every criteiion we know, the interglacial ages vastly 
exceeded the time that has elapsed since the last ice sheets began to 
wane, and fossils picservcd between the drift sheets prove beyond 
doubt that the climate at times duiing those interglacial ages was 
appreciably wanner than it is now Furtheimorc, theie is clear evi¬ 
dence that postglacial world climates reached a maximum of warmth 
between 6000 and 4000 years ago and since then, with ininoi oscilla¬ 
tion, have become cooler and moie moist down to the present time 
Whethci the ice sheets will spread again or will disappear completely 
duiing the next few thousands of years, it is quite impossible to judge, 
but clearly the Present is only an age in the Pleistocene epoch 

Meanwhile the sword of Damocles hangs over us If the ice sheets 
should again spread to the limits they occupied a few thousands of 
years ago, mass migrations would occur on a scale without precedent 
in the history of mankind, for the densely populated centers of Europe 
and the United States, to say nothing of all Canada, would slowly 
become uninhabitable And if, on the contraiy, the climate should 
return to its geologic norm and the last of the ice sheets should dis¬ 
appear, the meltwater would laisc scalevel by 70 to 100 feet, slowly 
submerging all the gicat seaport cities of the woild In any event, 
the changes will come too slowly to concern anyone now living, but 
they may profoundly shape the destiny of civilization within the next 
few thousands of years 

We can only guess when the end of the Ice Ages will come, as we 
contemplate some of the problems it will entail foi mankind! 
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Fig 290 Skeleton of the moiein hedgehog, a pemstenplj ptmtttve and generalized 
mammal About natmal Jtze 


Chapter 19 


MAMMALS INHERIT THE EARTH 


With the extinction, of the dinosaurs at the end of the Mesozoic, 
the way w'aa open foi the mammals to begin then conquest of the 
woild Although small and unimpressive at first, they evolved lapidly 
and soon eclipsed all other forms of animal life, so that the Cenozoic 
has well been called The Age of Mammals 


THifiNDS OF Mammalian Evolution 

Comparative study of caily Cenozoic fossils clearly indicates that 
the first mammals lesombled the modern hedgehog (Fig 290) in the 
following respects (1) they wcie small, (2) they were short-legged 
and walked on the soles of the feet, (3) they had five toes on each 
foot, (4) they had forty-four teeth of vrhich all but the canines were 
short-crowned, (5) their brains were small and their intelligence was 
of a low order, (6) they were long-faced, the jaws exceeding the brain- 
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case in size Unlike the hedgehog, liowevoi, they had a long tail 
From ancestors of this sort all the modern orders ol mammals e-volved 
In this development lour major trends can be detected in most of the 

groups 


creodont 

(Arctocyon) 


dog 

(Cams) 


condy/arth 

(Phenacodus) 


amblypod 

(Coryphodon) 



pig 
(Sus) 


rhinoceros 

(Rhinoceros) 


Fust, there was a maikcd m- 
aease in size The fust mam¬ 
mals wcic .small, and every group 
of large mammals can be traced 
back to small ancestors in 
the caily Cenozoic locks The 
Eocene ancestor of the horse, foi 
example, was not hiigei than a 
fox, that of the camel not bigger 
than a jack lahbit, and that of 
the clejihant not gi cater than a 
large hog The Eocene forebears 
of man, likewise, weie the size 
of sqmnclhi 

A second advance ivas in biam 
pov'er This involved not merely 
a huger biain but an meieasc in 
lalio of In am to body weight 
The latter i.s giaphieally sliown 
m Fig 291, in which the brain 
of an ancient mammal (on the 
left] IS paiicd against that of a 
modern mammal of the same 
size The stiikmg fact is that 
the greater size of the modern 
biam IS in each case due to in- 
ciea&e in the ecicbium, which 
IS the seat of mcinoiy and rea¬ 
son Hiiwcvcr, advance m brain 
power lias been unecpial in the 
several oiders At one extreme stand the inscetivoics (for example, 
shrews, hedgehogs, and moles) winch have improved but little and 
have survived as stupid, ictiring cicatures, and at the other cxticme 
stand the highest piiinates, with skulls distended by giay mattci, ca¬ 
pable of pondenng the mysteries of time and space, and of haincssmg 
atomic energy 1 

A third specialization conccined the teeth In the pri mi tive pla¬ 
cental mammal the check teeth had sharp piercing or shearing cusps 



amblypod 

(Uinfathenum) 


hippopotamus 

(Hippopotamus) 


CZlolfactory lobes ^cerebrum 
□ cerebellum 

Ftq 291 Braiii'i of archaic mammals 
(left) and of modem mammals (nglit) paiied 
so that biains of animals having equal body 
size are side by side Adapted from II F 
Osborn 
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but the Clown was low, and the tooth quickly attained its lull growth 
Some, like the inscctivoics, chose a diet of insects and other such deli¬ 
cate morsels, and these have letained pimiitive teeth Otheis with 
an omnivorous diet, like the swine, the bear, and man, have developed 
low blunt cusps Cainivoics, on the contraiy, have naiiow shearing 
cheek teeth foi cutting, and greatly enlarged canines for holding and 








Eohippus Merychippus , 

Miohippus Pliohippus Equus 

Yalo Peabody Museum 


Fig 292 Low-ciownod and high-crowned chock teeth Top left, molar tooth of a 
hog in whiLh the ciown is shoitei than the lOots, light, coiiespoiiding tooth of a modem 
hoise, Equus, in which the ciown is about 5 times as long as tlie mots Centei, skull of 
the hoisG {Xl'ii) dissected to show the high-eiowned chock teeth in place Lowei low, 
coirespondmg uppei lett ruolais of fossil hoises fiom Eohippus to Equus, all at a unifoim 
scale (about natural size) The ciown is low in Eohippus, ^^eBohlppus, and Mwhippus, 
then increases lapidly in height fioin Merychzppus to Equus The crown view of the worn 
tooth shows the iidges foiincd of the enfolded enamel The skull was dissected by S II 
Chubb 


tearing flesh The most leinaikable specialization is seen, however, in 
the grazing animals of the prairies, wdiose teeth must resist the wear 
of the haish and commonly dusty grasses and must maintain a rough 
grinding siuface In these the cheek teeth become laige and high- 
ciowned and continue to giow throughout life (Fig 292) Furthei- 
inoie, the enamel is deeply enfolded into the crown, so that even 
after wear it foims shaip iidges, thus inaintaimiig a good grinding 
surface Each order has a distinctive pattern of enfolded enamel, 
making it almost as easy to identify the order of a fossil mammal by 
a single jaw tooth as by a whole skeleton (Fig. 293). 
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Cow Tifanofhere 

) all Pinhodu 


I'M ain Ciawu view of left uppei moUu teetU ol tioi^e, mini?!, cnw, ihiuocoicis, a.ud 
titaiiotlieio, to ihow the di&tiuotive patterns of the oiiaiuel folds (All on the same s( ale, 
about X H) 


A fourth tiend of evolution luy in 
itivcly the feet were shoit, and the 



I'lG 294 Hind limbs of beai (left) and 
hoisc, .‘showing fOiiespoiKlonco of puiis 


tocb, the development of hoofs, and 
of the side toes, 


’specialization oj the jeet Prim- 
aniiiial walked flat on the soles 
with the heels touching, the 
giound (Fig 290) , but during 
the ages inaiked fc])ecialization 
oeciiiied according to cnviion- 
luciit and habit,s Tree-dwell¬ 
ing types, like the monkeys 
and squirrels, developed pre- 
hcnisilc hands with opposable 
thumb and great too, carnivores 
evohed claw's to seize and hold 
.struggling prey, and the hcibiv- 
orous animals of the plains, de¬ 
pendent for safety on flcetncss 
of foot, undciwcnt a remark¬ 
able specialization involving a 
use onto the very ends of then 
1 reduction and loss of some or all 
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In swift running, an animal tends to use up on its toes to attain a 
longer stride, and those that are endowed with long slender limbs have 
a natural advantage In the struggle for existence, theieforc, many 
of the plains animals weic subjected to an age-long selection in which 
a groat premium was placed on longer limbs and the ability to remain 


on the toes The ultimate result 
ern horse, contrasted with the 
unspecializcd limb of a bear 
(Fig 294) Above the heel tlieie 
is little difference in size and pro¬ 
pel tions, the greater height of 
the hoise being due to the elonga¬ 
tion of the foot and to the fact 
that he stands on the veiy end 
of the toe with the heel far above 
the giound This afioids a great 
stiide and leaves the powerful 
leg muscles bunched near the 
body whcic they can swing the 
blcndei cxtiemity of the limb 
without sharing in its motion 
The hoof developed, of couise, 
as a piotective armor for the tip 
of the toe 

Since the middle toes of a 


illustiated by the limb of a mod- 
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mammal are primitively and f,u 295 Loss of lateiai digits m the 
noimally longei than the side Fromnghttoleft, the lowoi foiehmbs 

. 1 r J.1 of of the Eocene epoch, J/csoAtpjjffs 

tOGSj use to the ends OI tllC of the OUgoccne, Merychl'p'pus of the Mio- 

digits lifts the side toes off the modem hoise Coire- 

sponding digits bear the same numbers 

ground and leaves them dan- thioughout 
gling In this condition they 

tend to degenerate and disappcai (Fig 295) In the odd-toed, hoofed 
mammals (Older Perissodactyla), the axis of the foot lies in the 
middle digit and, in the reduction, digits 1 and 5, as a rule, disap¬ 
peared, leaving a thiee-toed foot Heavy-bodied types such as the 
rhinoceros did not proceed furthei m this dnection, but in the horse, 
digits 2 and 4 w'ere reduced to mere vestiges (Fig 38, p 64, and Fig 
295), leaving a one-toed foot In the cloven-hoofed mammals (Order 
Aitiodactyla), the axis of the foot lies between digits 3 and 4 In this 
group, digit 1 was lost at a veiy early stage, producing a four-toed 
foot, such as is retained in the hog Further specialization led to the 
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Fi^ lU Restorntm of PheMcedus, a midylmth fiom thi Pakocem of Wyommg 
The gaulikt vegetation consists of sedges, not title glasses From a painting by 
Chmles R, Kntght. 


simultaneoua i eduction and loss of digits 2 and 5, and the piuductinn 
of a two-tued foot, such as tliat of the cattle, tlic deer, and the camel 


The Paleogene Vangtjard 

At the beginning of Cenozoic time, the mammals expanded like a 
laee doliveicd from bondage Although only thice oidois aie lo- 
corded from Cretaceous locks, fourteen aie now knowm fiom the 
Paloocene senes’ Notable among these arc the muUitubercidatss, 
manupials, and msectivcnes that smvived fiom the Cictaccous, and 
the primates, rodents, carnivores, condi/larths, and ambbjpods that 
fiist appeared with the Paleocene Neaily all these early mammals 
were small, few of them exceeding a large hog in size 
The multituherculates (Fig 298) were small gnawing plant feeders 
superficially resembling a giound hog, but their cheek teeth were laige 





AMERICAN MUSEUM Or NATURAL HOTOEV. 
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and bore niimeious cusps or tubercles, whence the name Multituber- 
culata 

The marsupials were essentially like the modem opossum and at this 
time weie possibly world wide m distribution Outside of Australia 
and South America, however, they have nevei competed successfully 
with moie piogrcssive types and have never risen above the modest 
and retiring lole played by the living opossum 
Insectivores were likewise small and much like the modem shrew 
and hedgehog They appear to be the ancestral stock fioin which 
the other groups of placentals evolved, but the insectivores themselves 
did not shaie in that evolutionaiy advance 
Rodents include the modern gnawers, such as mice and lats and 
squill els The oldest lepiesentative of this order was found in the 
Paleooene beds of Montana in 1937 



466 


HISTORICAL GEOLOGY 


Pnmates aie represented ur the Palcocenc by small half-apes (tar- 
sioids and lemurs) scarcely larger than squirrels 

Creodonts were preemsors of the modern caimvores Even in Pale- 
oconc time they showed considerable specialization, some being dog- 
like and others catlike Some had shcauiig teeth and sharp claws, 
others stiangcly blunt teeth and flattened toenails Their lirains, how¬ 
ever, were less than half as big as those ut modern caiiiivores of equal 
stature, and they must have been stupid hrutcs (Fig 308) 

The condylarths and amblypodst (primitive ungulates) ivcrc the 
dominant oiders of herbivorous animals during Paleocene time The 



Oranyer tind Stmpson 

Pig 298 A Paloocono raultituboiculato, Tmiiolalna, fiom Now Moxioo Rido view of 
bkull (Xl4.) ‘'■ad otown viow of uppoi and lower loft, cliouk tooth (onUugod) 

condylarths w'crc hghtbodied and idatively agile, the arablypods 
stocky and ponderous Phenacodus (Fig 296) was a typical condy- 
larth The slender body, aichcd back, long tail, and short, hve-toed 
feet give it a superficial resemblance to the caimvores, but each toe 
bore a small hoof, and its teeth were clearly those of a plant feeder 
The brain was lelatively small, and the teeth jnimitive and low- 
crowned The condylarths appeared early m the Paleocene and 
ranged upward to the middle of the Eocene epoch, when they were re¬ 
placed by the moic advanced ungulates 

Coiyphodon (Fig 297), a typical Paleocene amblypod, was about 
waibt-liigh to a man It was thickset and had stout legs and blunt, 
five-toed feet, each toe beaung a hooflikc nail The canine teeth were 
tuskhke, but the cheek teeth weic relatively small and low-ciowmcd 
The amblypods appeared early in the Palcocenc and laiigcd through 
to the close of the Eocene epoch The earliest forms were scaicely 
larger than a sheep, but they increased rapidly in size and culminated 
in Uintaihenum, which had the bulk of a circus elephant and was the 
largest of the American land animals during late Eocene time 
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2 ^^^ Evolutm of tk horst, as shows by limbs mid \kdls ftom successive ^ones 
in the Ceno'^eic locks of weston United States The fate hvih in each case indi¬ 
cates the appfcxmate height at the shoulder^ and the position of the skieU shorn 
the height at which the head of each genus of hoi se was earned 


In shoit, Ihe Paleocene faunas would have presented a strange, 
unfamiliai appearance to a modem, for the dominant forms belonged 
to groups that aie long since extinct, and many of the gioups that 
arc now dominant were completely lacking 

Eocene Immigrants 

At the beginning of Eocene time the ancestors of the modem hoise, 
the I'hinoceios, the camel, and othei modern groups of mammals ap¬ 
pealed simultaneously m Europe and the United States This sudden 
advent implies that these inodeinized stocks had boon evolving some¬ 
where in the noithem land mass and at this time migrated soutliwaid 
along two different routes From this stage on, the history of several 
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of thebe fetockb can be follo^\cd in detail and constitutes one of the 
most fabcinatmg chaptcis m the history of life 

Cenozoic Parade 

Eohippus and His Progeny. The horse ivas a native of North 
America from early Eocene to lute Pleistocene tmic and underwent 
most of its development hcie Bkoletoiib assembled from sucechhive 
hoiizons levcal a gradual evolution in teeth, limbs, loot, and size 

hai dly equaled foi any other stock 
of animals The lecorcl is graph¬ 
ically siinwn in Pig 299 
Eohippu-s, tlic “dawn horse,” 
oldest known lucmbci of the race, 
was a gracchil little animal, 
scarcely a foot high, with a slender 
face, aiclietl back, and long tail 
(Fig 3001 Its hind feet hoic 
thice toes, and the fiont feet four 
toes Its Paleocene aneestor, we 
may infer, possessed five toes all 
aiound, but no such stage has yet 
been discovered 

The evolution that followed was 
long and complex but may be 
epitomized by noting three of the stages mtcimediate between Eohip¬ 
pus and the modern horse, Equus 

Of these, Mesohippus of the Ohgoccnc, about the size of a sheep 
(Fig 299), had three toes on each foot, subecpial in size and all touch¬ 
ing the ground, so as to share equally in the animal’s weight Its 
cheek teeth were still low-crowned, as weio those of Eohippus (Fig 
292) 

Meiychippus of the Miocene grow to the size of a small iiony (Fig 
299) It possessed three toes on each loot, but the middle toe was 
much the laigest, the others failing to touch the gunmd and dangling 
like the “dew-claws” of cattle The jaws of this little hoise had 

’•'Accoiding to Simpson (1945, p 13G), the name Ilyuwoilicnum li.is pii- 
outy ovci Eohippus, having been applied to the s.imH genus in Eiiiope 36 ycais 
befoie the name Eohippus was coined Foi the present we continue to use the 
lattei name because it is so much moie widely known and applied 
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Tia 300 Eohippus, the "daivii hoi so,” 
fiom tho Eooaiio (Wind Rivei) bods This 
hoi so was about a foot high at tho shoulder 
Rostoiation by Chailos R Kmght 



MAMMALS INHERIT THE EARTH 


469 


lengthened and deepened appreciably, foi its molar teeth were becom¬ 
ing high-crowncd and prismatic (Fig 292) 

Plioluppus of the Pliocene, the fiist one-toed hoise (Fig 299), was 
somewhat laiger than Merychippus, and had high-ciowned teeth 
(Fig 292) and long jaws appioxiinating the condition seen m a mod¬ 
em horse The side toes weie icpiescntcd only by a jiaii of splint 




Acerathenum 



Fig 301 Fossil ihinocerosoa (facing light) and the modem ihuioceros (facing left) 
The human figuie gives the scale Hyracodon is one of the iimning ihmos of Ohgocene 
date, Metamynodon is one of the amphibious i hinos, also of Oligocene date, Baluchtthcnum, 
the gieatest land mammal of nil time, represents the giant tube of baluchithere ihinos, 
the others repi esent the mam Une of rhinoceroses 


bones lying alongside of the cannon bone (Fig 38, p 64) and invisible 
externally The modem hoise, Equus, appeared about the close of the 
Pliocene epoch and survived m Ameiica until after the last of the 
Pleistocene ice ages These wild hoiscs roamed the American plains 
in gieat heids until late in the epoch and then, for some unknown 
icason (possibly an epidemic like the modem hoof-and-mouth disease 
or sleeping sickness), became extinct Meanwhile, foitunatcly, they 
had spread to the Old World (probably via Alaska and Siberia), wheie 
they survived to become a servant and friend of man The present 
Wild horses are descendants of those brought over by the Spaniards 
during their early conquests 
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Rhinoceroses. The rlimoceros (Fig 301) also is piimarily of 
North American stock. The group first appeared near the beginning 
of the Eocene and liy early Oligocene time was abundant and had spe¬ 
cialized into three distinct tribes' (1) the true rhmoceroF:es, which 
giadually developed into modern types, (2) the lunning rhinoceroses, 
which were small, light-bodiod, and fleet-footed; and (3) the avipJubi- 
om rhinoceroses, which were sciniaqiiahc and, like the hippoiiotamns, 
became thick-bodicd and very short-legged The last two slocks died 



Eig 302 First and last ot thp titanotlioies Right, Enittarwps of tho Eocoiio epodi, 
laft, Brontoikenum of the Oligoceiio opooli Ttio liittoi stood about 8 loot high at the 
shouldei s Adapted fi oin a figure by II F Osboi n 


out during Oligocene time, but true rhinocci oscs wcio very common 
in the Gicat Plains region during Miocene tunc and were then more 
varied than they aie today in East Africa One of tho stiiking Mio¬ 
cene forms was Teleoceras, a barrel-chested rhinocci os with extremely 
short legs (Fig 317) In America the rhinoceroses declined to extinc¬ 
tion in the Pliocene epoch, but those which had migrated into the Old 
Woild survived 

The eaily rhinoceroses were small and hornless The true rhinoc¬ 
eroses were still scarcely 3 feet high in Oligocene time, although one 
of the amphibious tube then reached a height of 6 feet and a length 
of 14 feet In America few of the Ccnozoic forms were as laige as 
modem species, but in Asia an aberrant stock of hornless giants devel¬ 
oped dining Oligocene and early Miocene time and in BaluiMtheriwm 
(Fig 301) attained the largest size of any known land mammal of 
any age. This great beast stood about 18 feet high at the shouldcis 
and was at least 25 feet long 
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Titanotheres. Anothei magnificent tribe of mammals, lemotely 
related to the rhinoceroses and the horses, was the txtanoLherefi (Fig 
302) These weie ponderous beasts of rhmoceios-like appearance, 
many of them with gieat nasal hoi ns made of bony outgrowths fiom 
the skull Eaily Eocene titanotheres weie scaicely largei than a big 
hog and wcic hornless, but the tube developed lapidly to gieat size 
before its extinction about the middle of the Oligoconc epoch One 
of the latest was BrontoLlmium, which stood about 8 feet high at the 
shoulder and far outbulkcd the largest living ilnnoccios Duimg Oh- 
gocene time this was the laigcst land animal in America 

Titanothcics aie known only from the United States, Mongolia, and 
Europe They left no descendants, eiLhei collateial or dnect Like 
the rhmoceios, they possessed three toes on each hind foot and four 
toes on each front foot The great weight probably pi evented fur¬ 
ther reduction of the digits in eithei of these stocks of plains-dwclhng 
mammals 

Chalicotheres Perhaps the stiangcst of all the odd-toed mam¬ 
mals weie the chnUcothexes, a group now extinct, but icpresentcd by 
Moro'pus (Fig 310) m the Gieat Plains legion during Miocene time 
The skull of this grotesque creatuie was shaped like that of a horse, 
but its body was deep and shoit-coupled like that of a camel, and its 
feet bore narrowly compressed claws Thcie weie three toes on the 
hind feet and three, plus a vestige of the fourth, on the front feet 
This is the best-known American foim, and its lemains aie not rare 
in the Miocene beds of Nebiaska, but the chalicotheres w'ere present 
also m Em ope and Asia and are known to have lived fiom late Eo¬ 
cene to late Pliocene time 

Camels. Camels underwent a long evolution leraaikably parallel¬ 
ing that of the horse One of the earliest genera, Protylopiis of the 
upper Eocene, was a slender, four-toed cieuture scarcely laiger than 
a ]ack labbit By Ohgocene time there weie camels about the size 
of sheep associated with Mesohvppus of the same size These little 
camels displayed their true affinities in the enamel pattern of their 
teeth and in the peculiar carnage of their heads The toes had by 
this time been leduced to two on each foot, but these were still free 

In Miocene time the camels diverged into several tribes The mam 
line continued through Procamelus of the Miocene into Camelops of 
the Pliocene and Pleistocene, The latter survived until comparatively 
recent time m southwestern United States A larger genus {Giganto- 
camelus) inhabited the Great Plains during Pleistocene time and 
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icached a height of feet at the slioiiklcrs, carrying its head about 
9 feet above the giound 

Among the divcigcnt .stocks that appeared in the Miocene weie the 
small and veiy slendei "gazelle camels” and the hmg-necked ‘‘giraffe 
camels ” 

Like the hoi'scs, the camels lived through the several icc ages m 
Amciica and then foi sonic nnkiunvn reason died out beloic the 
ai rival of the white man 



Fiu SOI An Qioaclou, i/cowWon f/iuci/ti Moilcl bv Uuluud H r.ull, based on a 
skeleton fiom tlie Oligooeiio (Wliito Uivoi) buds of Siou\ C'miutv, Noluabka Tho aiuiiial 
■was about as tall lus a shcop. 


Oreodons. One of the most ahundant hlid-Cenozoic animals of 
western United States was the oreodon (Fig 303) Tliesc small crea- 
tuics are not closely allied to any living animals and aio theicfoie 
difficult to characterize in nontechnical tcinis Alost of them were of 
the size of sheep or goats Although they apiicaied long-bodied and 
short-legged like a hog, this ic&emhlancc -vvas quite superficial In a 
sense they were icmote cousins of the cainchs, for they had sinnlai 
teeth, they wmre even-toed, and they weie cud-chewcis They wnic 
both biowscis and grazeis, and, if we may judge by tho evtiaordi- 
nary abundance of Llicn rcinams m the Big Badlands of Dakota, 
they roamed the plains in vast herds They appealed in late Eocene 
time, 1 cached a climax in the Oligocene, and pcisistcd into the early 
Pliocene before dying out, but dining all this Lime they wcic .strangely 
conservative, retaining four toes (some a small fifth) and short legs, 
keeping then low-ciowned teeth, and failing to increase notably in 
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Size Then shmt-lcggcrtness was a mark of conservatism, their toes 
had failed to lengthen as lapidly as those of most other plains ani¬ 
mals So far as is known, orcodons weie confined to Noitli America 

Entelodonts. The cntelodonts, oi “giant pigs,” were anothei 
gioup of even-toed mammals that assumed a spectacular lole foi a 
shoit time during the Mid-Ccnozoic (Figs 304, 316) They were 
remote cousins of the swine and, like the lattci, weie adapted for 
looting and giubbing in the forest Thev are charactciizcd by a large 
bony extension from the zygomalic aich of the check, a structure 
whose function is entirely problem¬ 
atic They appeared dining Oh- 
gneene time, reached then gicat- 
est size (6 feet high at the shoulder) 
in the early Miocene, and then died 
out 

Bovids. Cattle, sheep, and goats 
belong to the family Bovidfc, 
which also includes the bison, the 
musk-ox, and the antelopes In 
sjntc of supcificial differences, these 
animals arc closely related and 
have many peculiarities in com¬ 
mon Among other things, they all 
lack fiont teeth in the upper jaw, and they possess tiue horns with an 
unbianched bony core covered by a horny sheath Since the beginning 
of civilization this gieat family has contributed more than any other 
to human welfare To hunting peoples it has been a source of food 
and of clothing and tents and thongs as well Indeed, the very be¬ 
ginning of civilization is closely linked with the domestication of cat¬ 
tle, goats, and sheep, and the tending of flocks 

Unlike the horses and camels and rhinos, this family is essentially 
an Old Woild stock The oldest known forms appeared in Euiasia 
late in Miocene time, having evolved fiom stocks now extinct They 
became highly diversified there m the Pliocene and reached their 
modern estate during the Pleistocene epoch, the cattle apparently 
having developed out of ceitain antelopes During the Ice Age most 
of them migiatcd out of Europe, finding a more suitable environment 
m the plains of Asia and Africa, but only a few managed to leach 
America The buffalo is one of the exceptions It probably ariived 
via the Bering land bridge about the beginning of Pleistocene time, 
soon became enormously abundant, and developed into nuraeioiis 



Fig 304 Restoration of an ontelodont 
01 “eiant pig,” -irckaiothmum, from tlie 
Ohgoceno bods of the Gieat Plains After 
W B Scott Tlio largest of the oiitolo- 
donts stood G feet high at the shouldcis 
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species, some of which woic much hugci lliun the li\'ing hums The 
miusk-ox also icached Noitli Ammea in Pleistocene tune, having no 
difficulty in ciossing the hiiowlields of the North 

Elephants and Their Kin The Indian and vVfiican elephants 
are the sole suivivoi's of a siicctacular race that is now verging on 
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Fig 305 Rcconstiuctioii of jh oboscicluiii lieacls, showm^ btaKcs in (ho dcvolopment 
of tusks and tiuuk 1, Afaiuf/ieiiitm (caily Ohgocono), 2, Phiomia (Ohgocono), 3, ELcpha^ 
(Recent) T,T, locisoi teeth, L, iippci lip, N, nostiils After a diawmg by Chailos R 
Knight 


extinction Duiing Pliocene and most of Pleistocene tunc elephants 
of many sorts laiiged ovci Eiiiopc, Asia, Africa, and Noith Ainciica, 
and, while the last glacial ice was waning, they wcie still iiiuic com¬ 
mon in eastern United States than they aie now in East Africa 

Compared with the ancestral placental maimiial (Fig 290), the 
elephants show amazing specialization in several respects Not the 
least of those is the fusion of nose and upper liji to loim the tiunk 
or pioboscis, from which this ordei takes the name Prohouuha 
The eailiesL known pioboscidians aie found in Noith Alrica, which 
appears to have been their ancestral home Several species of the 
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genus Mwiiherium {Fig 305, 1) have been discovered in the late 
Eocene and early Oligocene beds of the Fayiiin Descit not far vest 
of Cano When these beds weie forming, the climate was humid 
in North Afiica, and the Fayiim area was occupied by the delta of an 
ancient Nile The mcerithcics were thickset animals scaicely waist- 
high to a man, and apparently they weie scmiaquatic, living in and 
along the rivei They had neither tusks noi tiunk and showed little 
resemblance to an elephant, yet they displayed the beginnings of 
specializations that betray their relationship As shown in Fig 305, 



Eio 300 Chook tooth of ma‘>todon (left) and elephant (right) 


1, the head was long and low, and the upper hp was prehensile, as in 
a modern tapir Among the fiont teeth the second mcisois wcie en¬ 
larged and boic a band of enamel on the outci side These are the 
teeth that developed into tusks in the latei pioboscidians The limbs 
were thick and stout but not otheiwi&e specialized 

In this same region a more advanced type, Phiomia, appeared early 
in the Oligocene epoch, and for a time it lived along with the last 
of the mceritlieies This animal (Fig 305, 2) had the proportions of 
a small elephant and was about shoulder-high to a man Its jaws 
weie long and its head was low, as compared with an elephant The 
second pair of mcisois was much enlaigcd and was directed strongly 
foiwaid as small tusks, m both the upper and lower jaws A leal 
trunk was present, though still lelatively shoit The cheek teeth of 
Phiomia were rather large but low-ci owned and bore three pairs of 
low, blunt cones 

Out ot this early stock evolved an amazing variety of animals 
known as mastodons In most regards they lesembled the elephants, 
but their teeth were quite different (Fig 306) The name mastodon 
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(Gr. mastos, bicast, + odous, tooth) refers to the chaiacLeristic shape 
of then cheek teeth, m -winch the cusps wcic few in number anil oc- 
cuiied as ]iau's of large Ihiint cones lu'esenting a fancied icsemblance 
to human breasts 

Phiomta possessed three pairs of such rounded cusps on each molar 
tooth Many of its descendants retained this niiinber, but others 
added one oi inoie pans of cusps, and in all the later mastodons 
there ivas a tendency to unite individuals of each jiair liy a cross 
ridge (Fig 306) The mastodons possessed then noinial complement 
of permanent cheek teeth (six in each side of each jaw) throughout 
adult life 

Most of the mastodons had tusks in the lower as well as the upper 
jaw In many, the lower tusks remained smaller than the uppei, 
but in some stocks they were large and greatly spoeializcd A strik¬ 
ing example is picscntcd by the long-faced four-tiu<kers shown in 
Fig 317 In the shovel-tuskers, on the other hand, the lower tusks 
were flattened and broadened to form a scooplike oigan, and m the 
dmotheies they were strongly recuived 

Mastodons migrated widely over Euiasia during Miocene time and 
reached Noith Amciica ncai the iniddlc of the epoch via a Siberiaii- 
Alaskan land bridge Among these immigrants were long-faced jout- 
tuskers and shovel-tuskers, both of which were common m western 
United States during late Miocene and part of Pliocene time but died 
out during the latter eiioch More conservative mastodons suivivcd 
until after the last glaciation, and the fine Pleistocene species, Mam- 
mut amencanus (Fig 319), may have been exterminated by primi¬ 
tive man within the last seveial thousand years 

The mastodons were picdominantly browsers, living in the timbei, 
and then cheek teeth were relatively unspccialiacd 

The elephants, on the eontraiy, weic grazers and were for the most 
part at home on the plains They aic icadily distinguished from the 
mastodons by a remarkable specialization of the check teeth, in which 
the cross ridges have become numerous and high and thm As a 
result, the tooth is enoimous in size, is high-ci owned, and is made up 
of many tiansverse plates of enfolded enamel emlieddcd m cement 
(Fig 306) So large have these teeth become that theie is loora 
for only one in each side of each jaw—even in an elephant’s mouth' 
Hence, the full set of teeth does not appear simultaneously, as in the 
mastodons and other mammals Instead, one tooth appeals in each 
side of each ja-w, and as it is worn out, a second tooth grows down, 
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crowding out the fiiht and taking its place In tins manner the six 
teeth that should exist in each half of each jaw succeed one another 
during the life of the individual, which noimally has only torn giind- 
ing teeth in the mouth at one tune In turn, the jaws have become 
vciy short, so that the head of the elephant appeals shoit and high 
as compaicd with that of a mastodon (c/ Figs 318, 319). 



Fig 307 ramil> tioe of tho carnivores, all on the same scale Note that the “bear 
dogs," a branch of the canine tube, attained Inige size duimg the Miocene and Pliocene 
epochs and then became extinct Diagram based on data from Matthew and Romcr 


Of this family (Elcphantidie) the genus Mammuthus leached 
North Ameiica during the Pleistocene and was then represented by a 
number of species The best known of these is the woolly mammoth 
that lived on the tundia and m the forest bordering the icc fields, 
and ranged acioss both Emasia and noithcin Noith America In 
Sibeiia fiozcn carcasses have been found, showing that it bore a heavy 
coat of woolly hair (Figs 13, 318) Other species inhabited the 
warmer regions, paiticularly the plains of the cential and south¬ 
western states One of these, the impeiial mammoth of the South¬ 
west, attained a height of 13 to 14 feet at the shouldeis and boie 
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tusks as much as 13 feet long In tlieir pjcscnl fossil state, a pair of 
such tusks weighs almost half a ton! 

Carnivores Flesh-feeders have a long and complex geologic his 
toiy (Fig 307) They are intelligent, tiavel easily, and aic highly 
adaptive The dog and oat show then typical specializations—clawed 
feet, enlarged canines, and nairow blieaiiiig cheek teeth These aie 
devices foi holding and devouring active pioy Among the modern 
forms, the dogs, cats, boars, hyenas, raccoons, and seals repicscnt 
as many well-defined families, but when they arc tiaccd back lowaid 
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Fiq 308 Skeleton of a ciuoclont, Dromoci/on vorav, fioin the Eocono (BikIkoi) of Ileiiiy’a 
Folk, Wyoming Animal about tho siiie of a huge dog 


the eaily Cenozoic, these distinctions decrease, and they seem to con¬ 
verge toward a common Eocene ancestor 

Small primitive caimvoies appeared in some abundance in the 
Paleoccne, and during the Eocene epoch they divcigcd into at least 
five distinct families, adapted themselves to a wide vaiiety of habits, 
and attained a considerable range of size, a few reacliing the stature 
of a large beai Some superficially resembled wolves (Fig 308) or 
cats or other living types, but in all these caily forms the biains wcie 
very small, as compared with those of inodern carnivores, and they 
must luive been a stupid lot Moreover, certain specializations of 
teeth 01 other paits show that foin of these families wcic incajiable 
of developing into any of the modern cainivorcs For tins reason, 
they are commonly set off as a distinct oidci, the Creodonta 

Nearly all the creodonts were defective or madaptive in some rc- 
specLs, and thiee of the families died out by the end of the Eocene, 
the othci barely surviving through the Oligocene, with one genus 
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langing up into the Pliocene in India Thus the fiist gicat expeii- 
ment in carnivoic evolution came to an ingloiious ond> 

The filth family of Palcocenc and Eocene flesh-reedeis had a higher 
destiny, even though, at the time, it would have seemed unpioinis- 
ing It included small slender animals of the size ot weasels, but 
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Fig 309 The clue wolf, Cams diius, a common species m the asphalt pits at Rancho 
La Brea, near Loa Angeles, California Size about that of a modem timber wolf Pleisto¬ 
cene Modeled by U S Lull 

they had better brains than the rest, and adaptive feet, and their 
teeth were aheady specializing m the direction followed by the higher 
caimvoies Among these small Eocene types, the genus Miacis ap¬ 
peals as a probable ancestor of all modern carnivoics 
This second upsurgcnce of carnivores was under way in the Eocene, 
and befoie the close of that epoch the modem families began to 
emeige The dogs were rcpicsented by Pseudocynodictis, of the size 
of a fox, and the cats by Dimctis, as large as a small leopard 
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The Miocene was a time of lapicl expansion, and beloie its close 
all the modem families weic well defined In the Pliocene foniuitions 
of western United States sevoial species of avoIvoh aie rcpiesented, 
some lai-ac and otliois small, and by Pleistocene tune the species were 



Nimravus Machaerodus 

■ - MIOCENE - 



Dinictis Hoplophoneus 


- OLIGOCENE - 

Fia 310 Skulls of biting cats (loft) and 
stabbing cats (light) aiiaiiged m pans of 
equiviileiit geologic date to show paiallel 
development in thebO two tribes See also 
Fig 307 Adapted fioiii W. D Matthew 

California was of the size of a lion 


similai to model n ones In the 
asphalt deposits at llanclio La 
Bioa 111 California a common 
fossil IS the due wolf (Uig 309), 
which had the stature of a large 
gray tnnber wolf 

By Miocene time the cats weie 
diverging into two quite distinct 
families, the hilmg and the stab- 
binq cats In the lormcr, to 
which all modern cats belong, 
the lowtn and upper canines are 
subcqual, and the lower jaw is 
stiong Such cats kill then prey 
by biting In the siabbiiig cats 
the lowci canines were small, 
and the upper ones were ex¬ 
tended into sabci-hko blades, 
the lowei jaw was weak and 
could be opened to a vciy wide 
angle so as to clear the upper 
teeth, which wcie then used to 
stab and toai, bleeding the piey 
1o death (Fig 310) 

The biting cats aie well rep¬ 
resented 111 both the Pliocene and 
Pleistocene deposits of Amciica, 
culminating in the panther and 
the lynx Felis atiox of the 
Pleistocene faunas of southoni 
The tiuo lion, Faks leo, ranged 


widely over Europe during the interglacial ages of the Pleistocene 


The stabbing cats were even moic common from Oligoceno to late 
Pleistocene time, culininaiing in the saber-toothed tiger of the Rancho 


La Brea tai pits (Figs 24, 311) It was the last of its race, becoming 


extinct during the Pleistocene epoch 
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Man’s Family Tree. Among all the animals, man’s closest lela- 
tives aie obviously the gieat apes and monkeys, but his iaunly tree 
also includes two lower branches, the tarsioids and lemurs All these 
together constitute the ordci Pnmates (Eig 312) 

Lemws (Fig 313) superficially icscinble foxes rather than mon¬ 
keys. They aie distinctly quadiupcdal, have long bushy tails, and 
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Fig 31\ The gieat sabei-toothed tigei, coininon iii. the asphalt pits 

at Rancho I.a Bioa. noai Los Angeles. California Height about 3 foot Pleistocene 
Modeled by R S Lull 

run on all fouis Furtheiraoic, their brains aie idatively small, 
their muzzle,s slender and pointed, and their eyes far apait Then 
teeth, howevei, .so closely lescinblc those of inscctivoies as to make it 
quite clear that the primates evolved out of piimitivc msectivoie 
stock 

The tars-iei of the East Indies (Fig 314) is the sole survivoi of a 
group of small pnmates that was far inoie common and more widely 
di&tiibntcd during the caily part of the Ccnozoic era In noctuinal 
liabits and some other lespects the living foim is highly specialized, 
but its ancestors among the fossil tarsioids bridge the gap between 
lemuis and monkeys, When coinpaicd with the lemuis, for example, 
tarsioids have a relatively larger brain and a shorter muzzle, but the 
most significant advance is in the eyes, which have inigiated to the 
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front and are so close togetliei that both can focus on the same pomt 
Tins permits stereoscopic vision, an achievement which no other ani¬ 
mals have attained save the monkeys and apes and man 
Flora the start, the primates specialized for an aiboreal life, find¬ 
ing in the trees a refuge from then inoic powerful enemies on the 

ground, Prehensile hands and 
feet, with opposable thumb and 
gicat toe, were developed early, 
and the depth of focus inherent 
m stereoscopic vision opened new 
possibilities for locomotion in the 
ticcs Ill,stead of running along 
the limbs like a squiirel, such 
animals could safely hang by 
thou aims and swing from limb 
to limb oi even fiom ticc to tiee 
Such fice and lajiid locomotion 
through the forest had groat se¬ 
lective value It led fiist to the 
evolution ol the monkeys and 
slioitly thcicaftci to giblion-likc 
apes, in which the aims are 
longer and more powoiful than 
the legs This in turn opened up 
new possibilities when the foi- 
csts shrank, during late Ceno- 
zoic tunc, and some adventurous 
apes letuincd to life on the 
ground, loi now then long arms 
gave them almost an upright 
position even when walking on 
all tours Bipedal gait was thus 
easy to achieve and the hands weie freed for better uses Special 
interest therefore attaches to the taisioids, who,sc vision in Paloocene 
time started us on the highway toward the human estate' 

The lerauis and tarsioids wcie well adapted to the mild, moist 
climate that prevailed over Europe and the United States during the 
eaily part of the Ccnozoic eia, and their fossil remains aie relatively 
abundant, though fragmentary, in both these regions in Paleocene 
and Eocene strata But during Ohgocenc time subtropical foiests 
gave way to open plains in the present tempeiate lowlands, and the 
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primates retreated to lower latitudes Duimg the Miocene and Plio¬ 
cene epochs the climate geneially became both coolci and diiei, and 
the tropical and subtropical foiests giadually shiank to then present 
distribution As a result, most of the highci primate evolution took 
place in paits ol Afiica and Euiasia that aic not yet well known 
paleontologically 

Lemuis and tarsioids died out in the United States during Oligo- 
cene tunc, and no icoord whatevei is known ot monkeys oi apes in all 
of Noith America Small mon¬ 
keys had reached South Amciica 
(or had evolved there out of tai- 
sioids) and suivive to the pres¬ 
ent, undci going an evolution en¬ 
tirely independent of the rest of 
the woild, and reaching no gieater 
attainment than that of the cebid 
monkeys used by itmeiant oigan- 
giindcis 

The cailiest evidence of Old 
Woild monkeys is a loivci law 
with most of its tcctli, found in 
Lowei Oligoccnc beds of Egviil 
The Miocene lecoid is still vciy 
meager, and that of the Pliocene 
only somewhat belter Tiopical 
forests piOVlde a veiy pool en- Galago, the bush baby, a 

Vironment lor the pieseivation of small lemur of latbor udvanced type fiom 
- , , ,, , northern Khodobia, Afiica The body of 

fossils DGCclllSG tllG OI^BjIIIC OiClLlS auiintil is about G iiicheb long 
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in the soil cause rapid decay of 

bones For this reason wc may nevei have as much evidence foi the 


geologic history of the primates as foi most of the other groups of 
animals Pliocene monkeys are referred to families still living 


The manlike apes (Fig 315) include tour living types—^the gibbon, 
the 01 ang-outan, the chimpanzee, and the goiilla—and a number of 
fossil genera. In these the arms aic longei than the hind legs, so that 
when walking on all fours the body is in an almost upiiglit position, 


and bipedal gait is not difficult. 

Although the living gieat apes are more manlike than any other 
animals, each type is highly specialized for a lazy life in the tropical 
forest, and none could possibly be considered the diicct ancestor of 
man Instead we must go back to fossil foi ms of the Pliocene oi 
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older for ilie stock that left the forest and rctiuned to the giound 
The oldest evidence of a manlike ape yet known is an incomplete 
lower jaw with two prcinolars unci one molar tooth It was found 
in the Eocene beds of Burma and has been named Amplupithecus ^ 
The next oldest record is a jaw of Pioplwpitheciis found in the Lower 
Oligoconc beds of Egypt, along mth that of the fust monkey A 
third genus, Drijopithecus, known fiom nuincroiis jaws and other 
fragments found in Miocene beds of both Africa and Emojic, is be¬ 



lieved to be near tlio common line 
that led to the living gicat apes 
and man Pleislocone cave de¬ 
posits of South Africa have yielded 
the most complete remains of fos¬ 
sil apes, including a ivell-piescrved 
•skull w iLli most of the face These 
icmains repic.seiit an ape, Aits- 
tialopilhcciiH, with a In am lather 
laigci tliaii that of any modern 
typo Pleistocene bods of both 
Java and southern China have 
yielded very fiagmeiitaiy re¬ 
mains, cl nelly teeth, which indi¬ 
cate primates of giant siisc, at 
least twice as big as the living 
gorilla 

The human stock was the last 
of the primates in ajipear The 
known geologic iccorcl of man begins with the Pleistocene ejiocli and 
is the special subject of Chapter 20. 


Liln IIphoto 

Fig 314 Tai«iiei, a iiaUvc ol tho 
Philippine I-^Unds, now lu Uio Now Yoik 
/^oologifial Giirdons About naUiial bizc 


Recapitulation 

Paleocene Faunas "The most diamatic and in many rcsjiccts the 
most puzzling event in the histoiy of life on the cartli,” G G Simpson 
has said, is the change fiom the Mesozoic, Age of Rcjitilcs, 

to the . Age of Mammals It is as if the curtain were rung down 
suddenly on a stage wlicrc all the leading roles were taken liy rcji- 
tiles, especially dinosaurs, m groat numbers and bewildering variety, 
and lose again iminodiatcly to reveal the same setting but an cntnely 
new cast, a cast in winch the dinosaurs do not appeal at all, other 
reptiles arc mere supeinumeralics, and the leading parts arc all played 
by mammals of soits barely hinted at m the preceding acts.” 
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Pro 316 Manlike apes The fom living typos of manlike apes aie shown heie at the 
same scale The gibbon and the oiang-outaii inhabit southca&teiii Asia and the Netliei- 
landa East Indies, the ohimpaiizoo and the gouUa mliahit the tiopical forests of Afiica 
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Cleaily these Palcocene mammals came for the most pait as mi¬ 
grants from some region (piobably northern Asia) where they had 
been developing even before the close of the Mesozoic Among them 
were holdovcis of three gioiips already known m the Cretaceous woild 
—inultitubcrculaLes, marsupials, and inscctivoies But the dominant 
groups—eondylai'Llis, amblypods, and creodonLs—belonged to throe 
“archaic” orders that appealed suddenly, Ihiivcd for a while, and 
then died out Although these orders lived on into Eocene time and 
some then attained considerable size, the Palcoceno species were 
small, the largest scarcely exceeding the size of a hog or a small beai 
With these “aichaic” stocks wcic associated the foreiuiincis of sev¬ 
eral orders that are still extant, notably the indents and primates, 
but these were all small 

Nearly all the Palcoccne inaimnals had long narrow heads with 
small braincases and long slender muzzles They weic quadrupedal, 
with fore and hind legs nearly equal in length All had five toes, 
and the earliest known examples of each stock walked on the sole of 
the foot The distinction between the marsupials and all the lest 
was aheady so complete as to suggest that the placental iiiainraals 
were not direct descendants of the marsupials, but cousins descended 
from a ooininon Mesozoic ancestor 

Eocene Faunas The most striking fcutiiic of the early Eocene 
life was the appearance in considerable numbers of progressive forms 
ancestral to the modern orders of mammals Among these wore 
diminutive horses, small hornless rhinoceroses, equally small iitano- 
theres, tiny cameloids, the first oi'eodoris, squirrel-liko rodents, bats, 
and small primates None of these attained a considerable size, and 
the largest would hardly have stood waist-high to a man 
With them weie associated the "archaic” mammals, some of which 
were far largei Creodonts were the caiiiivoies of that time, and of 
these some weie doglike, some liyenahkc, and others inoic catlike 
Common American types reached a maximum size only about that of 
a modern timber wolf, though one of the latest Eocene typos was us 
large as a great beai. The greatest of all Eocene carnivores, how¬ 
ever, was the Mongolian Andrewsaichus, with a skull about 2% feet 
long The condylarths were common during the caily half of the 
epoch but died out before its close The great animals of this time 
were the ponderous amblypods, which increased gradually to their 
maximum bulk in Vintatheiium of the late Eocene 
In the later Eocene occurred the first mammal adaptation to a 
marine life, in the form of whalolike animals (zeugiodons), whose 
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fossil bones occur abundantly in paits of our southern states, m Egypt, 
and in Europe One of these, BasdoMUius, must have been the “sea 
serpent" of its time, with 4 feet of head, 10 feet of body, and 40 feet 
of tail I But even a mammal of this size met its match in the great 
shaiks of those seas, the gaping jaws of one of which (Carchatodon) 
must have been about 6 feet across 
Oligocene Faunas. By Oligocene time, the modernized types com- 
piised neaily the entiie mammalian fauna A single genus of creo- 
donts remained, but amblypods and condylaiths were wholly extinct, 
and maisupials and insectivores were as inconspicuous as they arc 
today In western America the oreodons roamed in vast heids ovei 
the plains Three-toed hnises {Mesohvppus) scarcely larger than 
sheep weie common Rhinoceroses of several kinds w'ere piesent, the 
largest of them being amphibious, though not related to the hippo¬ 
potamus Piobably all the Oligocene species weie hornless The 
Manotheres displayed a meleoiic evolution, and with the exception 
of the giant Asiatic iliinoceros, Baluchithenum, they became the 
largest land animals of this time before dying out abruptly about the 
middle of the epoch Small camels weie present, and so were peccaries 
and tapirs The rodents were represented by beavers, squiriels, rab- 
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bits, aiirl mine Ainnng the camivoros ilicrc many small rfog'!, 
as well as botli btUmj and stabbinq cafh In Hit' Old IVdi'Id tlie Pro- 
bosmdea were beginning their cuiccr, being i cpi'G.sented by Ibe ftist 
mastodons, which were only about 5% feet high Early priiuntes had 
bccoiiie extinct ra North America, and the only known great ape was 
repiesented in Euiope by a single species 
Miocene Faunas. The Miocene wa.s the “Golden Age” of mam¬ 
mals (Tigs. 316, 317) The spread of the prairies and the change to 
more and climate led to rapid evolution of the grasmg stocks, and 
the foiraation of a Boring land bridge pcimittcd mtciimgiation be¬ 
tween Noith America and Eurasia 
Within the groups of animals already present tlioic was a lapid 
expansion into new genera and species and an increase in size in many 
stocks The habit of feeding on the harsh prairie glasses resvilted 
in a remaikable change in the teeth of many gioiips, whereby the 
jaw teeth became long and prismatic and continued to grow tbiough- 
out life, thus cuimtcracting the lapid wcai at the crowns Hones 
now attained the size of small jionies, but the many sirccie.s all bad 
dangling side toes Camels wcic esiiccially abundant and varied, 
some being little largci than sheep, while others rivaled the modern 
girafic ill height Oteodom were still vciy common Rhinoceioses 
of sovcial kinds were abundant At this tunc the “giant pigs” reached 
their climax in a species [Dinohyus hollandi) known from Nebraska 
that was as fall a.s an ox and had a skull 4 feet long Moropii^, the 
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Ftg 3IS Pleistocene landscape tn Eiiiope during the last Ice Age, mth molly mam- 
mth in the feiegtemnd and molly litnoceios m the tight middle distance 


clawed ungulate, was also most common at this time Rodents like 
those of the Oligocene contmiiod through the Miocene Of caini- 
vores there were numerous wolflike clogs, as well as biting and stab¬ 
bing cals There were no Noith Ameiican pnraates, but m the Old 
Wnild a gicat ape (Diyoptlhecus), somewhat related to the goiilla, 
but much smaller, langcd ovei Europe and noithern Afiica The four- 
tusked probobcidiana ai rived in America 
Pliocene Faunas The Pliocene faunas of North America are still 
impelfectly known because the terrestrial foimations of this age are 
so spaiscly pieseivcd At this time there was iuither immigration 
from the Old World, bringmg us the hue mastodons Ho'ise,s contin¬ 
ued their rapid evolution and were lepieseiited m Ameiica by seveial 
genera, among which appealed the fiist smglc-tocd hoise, Pliohippus 
Rhinoceroses wcie still very abundant Camels continued to be 
among the most common animals of the plains The last straggling 
survivois of the oreodons weie extinct befoie the close of the epoch 
Pleistocene Faunas. Thioughout the Pleistocene epoch Noith 
Amciica and Euiope weie both inhabited by gieat game animals fully 
as varied and impressive as those of modern East Afiica In the 
United States the elephants were perhaps the most impressive, foi 
there woic at least 4 species, 2 of which exceeded modern elephants 
in size The tall, langy imperial inaiumoth of the southern Gieat 
Plains stood neaily 14 feet high at the shoulders Anothei species 
{Mammuthus amonss) was at home m the basins of Arizona and 





Fig }19 Scene m the Mtsnsstppi Valley durntg Pktstocem time. At the left, the Amencan masto- 


Nevada Numerous remains of Mnmmuthus columbi and M impera- 
tor liEi'vc boon found in the uppcrmoHl beds of glacitd Lake Bonneville, 
and these elephants must have been common in the Groat Basin 
region until after the last of the glacial ages Throughout the ioicsls 
mastodons [Mammvt anwxarms) biowsed in gieat hcids (Fig 319); 
then loinains arc common in the peat bogs of the eastern states, no 
fewer than 217 individuals having been discovered in the bogs of 
New Yoik State alone In Florida, New York, and clscwhcie the 
leinains ot this species are associated with Iminan aitifaots In such 
a way as to indicate that mastodons suivivcd the Inst ice ago and may 
have lived until within the last several thousand years. The woolly 
mammoths (Fig 318) langed widely ovei the glaeialcd areas, extend¬ 
ing noithward into Alaska and eastward acioss Sibciia, wlicio their 
skeletons and tusks are still ineiodibly numcious in the frozen soil, 
about half the present ivmy of cnmmeice being derived fiom this 
souicc Sibeiian ivoiy was imported into China ns early as the 
fourth century nc, and began to be extensively transpoited into 
Europe early ni the Tunetoenth centuiy Between 1800 and 1850 
the annual sale of tusks at the trading center of Yakutsk avciaged 
about 18 tons, and to date not less than 46,750 pairs of tusks have 
been iccovered in Sibcna^ 

Horses were still coimnon, and at least 10 spcc'cs are known flora 
North America Most of these were of the size of small ponies, but 
one fully equaled the greatest modern draught horse Buffaloes 
roamed the plains in great herds as they did when the white man fiist 
1 cached America Thcie were at least 7 Pleistocene species, and one 
of these (Bison lahftons] was a colossal beast with a horn-spread of 
fully 6 feet (Fig. 319). Camels also were common Wild pigs (pec- 
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raiie&), now confinefl tn Texas, Mexico, and Cential America, then 
langod ovei the Xhuted States 

Carnivore ,<1 woio abundant and varied, including species of such 
modem types as the wolves, foxes, pumas, lynxes, raccoons, badgeis, 
otters, skunks, and weasels In addition, there weic extinct types of 
winch the gicat salicr-toolli (Stmlodon) was pcihaps the most stiik- 
ing Another gieat cat {Fehs atroa), also known from the tai pits 
of Ranclin La Brea, was vciy much like the modern lion in fniin and 
size The gicat W'olt (Cnnw fhnm) wdiicli was so common in southern 
California exceeded in size any modem Aineiican canines True 
bears apparently made thoir apiicaiance in America at this time as 
immigrants fiom the Old Woild 

One of the most striking elements of the Pleistocene fauna was due 
to the iramigiation fiom South America of the glyptodonts and the 
great ground-slotlu Those both reached Texas m the Pliocene, and 
the latter spiead over the United States in the Pleistocene The 
ground-sloths (Fig 24, p 43) were clumsy beasts with the bulk of an 
elephant, but they were short-legged and curiously club-footed—their 
ancestors had lived so long in the trees and had developed such long, 
curved claws that it was impossible fur them to walk on the bot¬ 
toms of the feet when they became too heavy to live longer off the 
ground These creatures arc common fossils m the tar pits of south¬ 
ern California, and at least one genus {Megalonyv) ranged eastward 
to the Atlantic States A claw of this form was discovered in a cave 
m Virginia by President Jefferson, who was the first to describe and 
name the genus but thought it to be a mighty bon 

Noith and South America were separated tln-oughout Cenozoic time 
until they became united by the present Isthmus of Panama in the 
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late Pliocene Just before this connection, South Amciica liad 29 
families ol mammalh tuirl Noitli Amciica 27, liut with 2 doubtful 
exceptions they had no families in connnon Shoitly afteiwaid, in 
the Pleistocene, they had 22 families in common, 7 ol South American 
oiigin and 14 of Noith Ameiiean origin and 1 doubtful Those emi¬ 
grating to South America included the mastodons, horses, tapirs, 
camels, and pcccaiics, those coming in the opposite dircetioii included 
the giouiid-slotliH, armadillos, and glyiitodoiiLs ‘ 

Another staking clement of the Pleistocene faunas was supplied by 
the arctic animals that migrated soutlnvaid dining the glacial ages 
For example, the musk-ox is recorded as fai south as Aikansas and 
Utah, while in Europe the icindeci, the woolly ilimoccios, the woolly 
maminotli, and the aictic fox ranged southward into Fiance and 
Poland 

Tlieio were no pnniatcs m Noith America until pnmitivc man 
reached here fiom tlic Old Woild Althougli cvnUniec o[ the presence 
of caily man in Ameiica has been claimed icpoatedly, it is still 
scanty On the othci hand, savage races were ])ri'seiit in Europe and 
in eastern Asia and noiLhein Afiica thiouglioui much if not all of 
tliG Pleistocene epoch The geologic liistmy of man is icscived, how¬ 
ever, for a special chaptci 

In Europe, the Pleistocene fauna of the warm interglacial ages in¬ 
cluded most of the types of gieal game animals now found in Africa 
Such, for example, wcic the linn, the rhinnecios, the hippopotamus, 
the elephants, antelopes, and Icssci animals 

C0NTEMP0R^EY LiFE 

Spread of the Prairies. Fuie.sts were essentially modern at the 
beginning of the Age of Mammals Most of the gencia of haidwood 
trees had appeared during the Cretaceous peiiod, and theii subsequent 
evolution has been in the main a matter of speciFic details On the 
contrary, the development of the glasses duiiiig this eia was one of 
the gieat milestones in the history ot life, and for the evolving mam¬ 
mals its impoitancc can hardly be ovciciiipbasizcd It is this stock, 
for examiile, that includes not only the forage plants but also the 
cci cals—notably wheat and iico and oats and corn—that provide the 
basic food suiiply for the modern woild 

Grass is poorly adapted for preservation, and almost no direct 
evidence of its caily history is known Howevci, it contains an 
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cippiGciBiblc ELinouiit of silica and tends to wear out the grinding teeth 
of the giazeis, that is, grass-feeders To compensate for such w'ear, 
the modem plains mammals have high-crowiicd cheek teeth that grow 
at the loots thioughout life (Fig 292) Pie-Miocene icprcsentativos 
of each of thcbc groups, like the modern foicst-dwelleis that biowse on 
mole succulent leaves, had low-ciowned cheek teeth It appears 
evident that the high-ciowned grinding teeth are a direct adaptation 
to a glazing habit, and since this specialization began early in the 
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Fig 320 Seerk of £ 5 ia=,sos and othei hoibs Lott, the spoai gi ass, SiipidMim commune, 
fiom tlie Pliocene (Valentino loimatioii) neat Winy, Cloloindo, light, the borage heib, 
Bwrhm /ossilui, lioiu the Pliocene (A.sli Hollow toiuiatioii) noai C'astlo Rock, Kaiisaa 

Miocene, it is iiifeiied that piairie grass had tlien, for the first time, 
become widcsinoad About 1940, fossil grass seeds were discovered 
in sonic of Lire sandy beds of western Ncbiaska,“ and it was soon 
found that they aic abundant over the High Flams region in beds 
langmg fioin Mid-Miocene to late Pliocene date (Fig 320) Caie- 
ful search in the underlying eaily Miocene and Ohgoccnc deposits 
of the same region has thus far been in vam 
Other heibacGous plants are still impeifectly known, but loses with 
chaiactciistic leaves and thorns have been found m the Oligoccne, 
and unmistakable leaves and seeds of the grape occur in Eocene and 
later rocks of both Europe and America Petrified grape vine is 
known from the Miocene beds of Nevada 

Modernization of the Invertebrates. The invertebrate animals, 
like the forest plants, had practically accomplished their present evo¬ 
lution before Cenozoic time A few of the modern species were al- 
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leady liviBg in the Eocene epoch, and many woie extant m the 
Miocene 

Special note should be made, however, of the yiuininuliteff, a fam¬ 
ily of VGiy huge Foiammifcia having discus-shaped, or coin-shaped, 
multichambeied shells (Fig 321) They ■were extiaoidinauly abun¬ 
dant in the seas of the Mcditcuancan region dining Eocene and Oligo- 
cene time, and their shells contiibuted largely to the numimihte lime- 
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l<’ia 321 A chunk of nummulitiolimcstoiio fiom one of the pj luniids uf Egypt Hoiod- 
otus (about 450 b c) alliiclcd to this sloiio as an inbinnpc of peUificcl animals Natuial 
size 


stones that ate widely distributed in southern Euiopc, northern 
Afiica, and the Himalayan region, whcie the Eocene is still com¬ 
monly spoken of as the “nunnmilitic pciiocl ” Such shells aie less 
common in the American Eocene but do appeal abundantly in the 
upper Eocene and Ohgocene of Florida and the Caiibbean icgion 
Decline o£ the Reptiles With the extinctions at the close ol the 
Mesozoic, the reptile dynasty collapsed Turtles, crocodiles, and 
lizaids lived on about as they arc today, except that large land 
turtles and alligators weio moic widely disiiibutcd during the warmer 
times Fossil turtles aic abundant in the badlands of Oligoccne and 
Miocene age Enormous species, large enough to stand waist-high 
to a man, weie common in Florida m Pleistocene time As noted be¬ 
fore, alligators occui frequently in the Eocene and Ohgocene deposits 
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as far north as Wyoming and the Dakotas Snakes are first recoided 
in the Late Cretaceous and theiefoie existed throughout the Ceno- 
zoic, but, because of their letiiing habits and then delicate skeletons, 
they aie always rare fossils An Eocene species related to the mod¬ 
em boa constrictoi and estimated to be 35 feet long was found re¬ 
cently in Patagonia 

Birds. Modern types of buds, all toothless, appeared in the Eo¬ 
cene, and even at that early date most of the present oidcis weie 
repiesentcd Such, for example, 
woic the eagles, vultures, pelicans, 
quail, and various shoie birds All 
these stocks persisted thiough the 
Cenozoic, though fossil icmains 
arc, m general, laic because the 
bud skeleton is fiagile 

Nearly all the contmenls at one 
time 01 anoihei duiing the Ceno¬ 
zoic had large, flightlc.ss buds 
One of these {Dintryma), known 
fiom the eaily Eocene beds of 
Wyoming, stood nearly 7 feet high 
and had a veiy stout neck and a 
head almost as laige as that of a 
hoise Another {Phot othacos), 
found in the Miocene of the Ai- 
gentinian pampas, stood 7 to 8 
feet high and had a very mas¬ 
sive skull 23 inches long with a 
strongly hooked beak (Fig 322) 

It was undoubtedly the gieatest 
of all buds of piey The largest 
bird, bowevei, was an ostiich-bkc form, Dinotms, that lived into his¬ 
tone tunc in New Zealand and was exteiminatcd by the Maoris only a 
few centuncs ago This cnoimous bud stood about 10 feet high and 
was theieloic more than 2 feet taller than the greatest living ostrich 
Still another giant {Aepyornis) of Madagascar laid the largest known 
eggs, which normally mcasuicd 13 inches long and 9 inches across 
Discovery of the eggs of this bud by early navigators inspired the 
thiilhng tales of the roc told by Sindbad the Sailor in the Arabian 
Nights, 
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THE COMING OF MAN 

Prehistoric Documents 

Artifacts. The Amcncan pionccis found the Indians using stone 
rniplemcnts instead of metal Flint piovided tips tor their arrows and 
blades loi their tomahawks, and stone moitars served as mills for the 
grinding of maize To these eaily settlors there was no inysteiy 
attached to the finding of such carefully shaped stones where the 
Indians had once pitched then camps 

Siinilai stone implements found in western Europe, however, wcie 
legardcd with strange su]icrstitum tliioughout the Middle Ages, and 
weie commonly thought to be thunderbolts The civilized world at 
that time had little contact with primitive peoples, and, morcovci, it 
was completely dominated by the belief in a Special Cieation that 
left no place for extinct laces of men antedating the present civiliza¬ 
tion Yet stone implements aie abundant in parts of Europe and weie 
commonly collected as cuiios after the Renaissance, and we find Olaf 
Woiin, a Danish authoiity on such objects, wilting in 1655 that "they 
aie commonly supposed to fall with the lightning from the sky," 
though "opinions differ as to their oiigin, since some believe they are 
not thundcistones but petrified iron implements, seeing they resemble 
the latter in shape so closely.” And as late as 1802, Thorlacius, 
writing of stone artifacts discovered in burial mounds, concluded that 
“the objects found in the mounds aie nothing else than symbols of 
the weapons employed by the Gods of Thundet in chasing and de¬ 
stroying evil spirits and dangerous giants They could not be ordi¬ 
nary tools and weapons as these have been made of metal since the 
earliest tunes ” 

It now seems strange that a belief so fantastic could have persisted 
for 300 years after Europeans had encountered the American Indians 
using stone implements, it sprang from the assumption that such 
savages weie pie-Noachian degenerates who had wandered far from 
the original center of civilization and had lost the art of working 
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metal Occabional thinkers, fai ahead of their time', had, indeed, 
lealizpd the true meaning of archeological reiiiaiiiH since befoie the 
beginning of the Cluistian era, hut it was not until within the last 
century that these icmains were generally accepted as evidenee of 
pichistonc races Even then, no one considered the possibility that 
they might rcpicscnt the work of extinct S 2 iccie,s of man until aftui 
Darwin’s Origin of iSpeaes had paved the way fur a belief in the 
gradual evolution of man from the lower animals 
The aiipreciation of the tiuc meaning of stone artilacts was fiist 
developed in Scandinavia shoitly aftci 1830 It began with the crea¬ 
tion by the Danish Government of a scientific commission to study 
the refuse heaps and shell mounds that had already atti acted atten¬ 
tion in the region. As a result of this project, extensive collections 
wore assembled at the Royal Museum in Copenliagon and wcic studied 
with respect to their stratigraphic occuncnce in the mounds On this 
basis, Thomsen, the director of the Museum, in 1837 proiioscd a chron¬ 
ology of human culture divided into the Stone Age, the Bronze Age, 
and the Iron Age 

Man uncluubtoclly advanced through this sequence of cultures on the 
way to civilization, but m wcstcin Euiopc Die making ol bronze and 
the smelting of iron had boon mastered while aborigines in many parts 
of the woild wore still using crude stone implements Thus the Iron 
Age in Euiope was contomporancous with the Stone Age in many other 
parts of the world Thomsen’s chronology is therefore only applicable 
locally. 

The tools and other implements used by a people represent its cul¬ 
ture The style of workmanship changed with tunc during the Stone 
Age, just as it docs m the modem world, and as it is easy to distin¬ 
guish the relative ages of a collection of colonial flintlocks and one 
of modern high-power rifles, so it is also possible to distinguish dif¬ 
ferent cultures ol stone implements Accordingly, other workcis, fol¬ 
lowing Thomsen, further subdivided the Stone Age into tliiec stages, 
Eolithic, Paleolithic, and Neolithic, based on the type of workman¬ 
ship displayed Of course, these subdivisions also have only local 
value as time units. 

The first tools used by man wcic doubtless those accidentally 
shaped by nature to fit his hand, such as .sharp-edged chips of flint 
that he could use to scrape skins or to fashion wooden tools Such 
stones, which he picked up and used without modiflcation, ate known 
as eoliths (Gr cos, dawn, + lithos, stone) Showing evidence of wear 
but not of conscious shaping, they represent the lowest stage of human 
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Pig 323 Stone m}lemmls Nimhe, 1 ts an eolith, 2-7 aye fakohth, and S is a 
mahth Niitnier 1 tepueats a pre-ailUan cdture, 2, a Chelkan cdmtt; 3 and 
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cultnio and aic found m foimations as old as the late Pliocene (Fig 
323) 

Eventually man learned to flake off pieces of stone and to shape 
them, by cinpinng, into serapeis, hand axes, spcai heads, and othci 
useful tools This was an ait slowly acquired through countless gen- 
eiations ol trial and cxpcnnicnt by prmntivo jieoplcs whose lives often 
depended on the quality of their weapons Such artifacts, shaped 
by chipping alone (Fig 323), arc known as paleohths (Gi pdlmos, 
ancient, -f- hthos, stone), and cultures leiircscntcd by such imple¬ 
ments characteiized the Paleolithic age, which cnduicd in Eurasia 
until a few thousand yeais ago 

In Europe some of the piehistoiic peoples advanced a stage farther 
in the making of stone iinplenients uhich they shaped and shaipcned 
by gnnduig and polishing against naluial alnasive stones Such ob¬ 
jects, known as neoliths (Gr neo.s, iccent, lithon, stone), arc found 
only in deposits youngci than the last glacial till in noithein Eiiroiie, 
and they raaik the highest Stonc-Age cultuic, attained in Europe 
shoitly befoie the discovery of the use of copper 

Metals fiist began to icplacc stone for im])leincnts about 5000 ec, 
copper and bronze (an alloy of copper) being employed soonci than 
iion because they arc easier to smelt The ait of working coppci 
began apparently in Egypt and had spicad to Clialdea as caily as 
4500 B c,, blit it was unknown in Em ope until about 1500 eg Iron 
implements were developed by the Egyptians as eaily as 3000 bc 
and non swoicls wcie in use in Greece between 1400 and 1300 bc, 
but the iron industiy did not spicacl to cential Europe until about 
800 B a. 

The succession of cultmcs m Europe is shown m the table of human 
prehistory on p 504 

Human Fossils. Pieliistonc human reinams are, for obvious rea¬ 
sons, among the rarest of fossils With his superior intelligence, man 
generally avoided such common catastrophes us mirmg and drowning 
Of course this did not ieduce the number who died, but it lessened 
the chances for bunal where preservation would bc likely Furthei- 
more, funeral rites, observed by man since very remote Limes, com¬ 
monly resulted m destruction of the remains, whethei the funerals 
involved cremation, elevation on scaffolds, oi biuial in shallow giavcs, 
since the graves were generally placed on elevated mounds where both 
weathering and eiosion aie active 

A fortunate exception was piovided by the cave dwellers, who took 
refuge m caverns oi overhanging shelters along the river bluffs of 




Fig yi4 Rack shelter cf Les Eyz>es, Doidogm, Fiance The n-entiant dong the 
middle of the cliff mas occuped by Paleohthtc man 


Eulope and paits ot Asia riming llie late Pleistocene, finding there a 
shelter fiom the inclement 'weather and a lefugo flora the powerful 
carnivores of the time (Fig 324) These peoples commonly buiied 
their dead in the caveins where they also would bo safe fiom the 
ravages of wild beasts—and, foitmiately for us, they suiiounded Ihein 
with food and weapons intended for use m the Muie life Such 
cave burials therefoie give us not only the physical chaiacteis but 
also the cultuie which -was actually used by the individual preserved 
Thus wc find a tie-up between the hiiman fossils, wdiich aie rare, 
and the definite cultures of stone implements, -which arc widely scat- 
teied and almost indestructible Such burials also commonly in¬ 
clude two or more individuals, thus giving us a record of both sexes 
and of the young as -well as the old 
Until it was admitted that extinct laoes had preceded the present 
inhabitants of Europe, human fossils were not recognized as such and, 
if observed, were considered merely the remains of buried dead But 
in 1857 there was found in the Ncander Valley near Dusseldoif, Ger¬ 
many, a type of skull obviously unlike modem man m many charac- 
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teristics After the publication of Darwin’s Origin of S-pecies in 1859, 
this skull was soon seen to be the record of an extinct species far more 
apelike than any living men, and it became the typo of the Ncaii- 
dcrtal race Duimg recent yoais, the jiiesent interest m human an¬ 
tiquity has led to increasingly numerous discoveries, until a})proxi- 
matcly 100 localities have now yielded human fossils. The majority 
of these are associated wuth caves and rock shelters, but several are m 
river terraces or lake deposits luid rccoul accidental deaths and natu¬ 
ral burial 

Dating the Record Paleolithic man was a hunter, prunuung both 
food and clothing from the game he could kill His weapons wore 
adapted to this cud, and liis camp site.s were suiuiunded with the 
bones of lus picy As he lived thiougli the last ice age in Euiopc, 
his onvnonmont cliaiigcd greatly with the advance and ictreat of the 
glaoieis In addition to the climatic diffcicncch between glacial and 
interglacial ages, he cxpenciiccd gicat ehanges m lus loncl supply 
During the last glaciation, foi example, an aictic Jauna langcd south¬ 
ward to the Mediterranean, mchichiig the arctic fox', the woolly mam- 


G Q MACCUUDY 

Fig 32.5 Citvi cf the Knit tii the Valley oj the Cates (Wady el Mughata) in 
Fale time Before this gronf of cates then is ttiatified refuse about 70 feet thick, 

« sticcessm of eleven piehistinic cultmes ranging ftoin the pe-Acheuhan to the 
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moth, and vast heids of reindeer The last named became at that 
time the chief source of human food and clothing But during the 
pieceding interglacial age the reindeer had been restiicted to the 
Arctic, and temperate and subtropical game had spiead noithwaid 
over Euiopc, including, among other cieatuics, the lion, the hippo¬ 
potamus, the elephant, and great herds of wild horses At tliat time 
the hoise was the chief object of the chase 
Thus, throughout the million yeais or so represented by the Stone 
Age in Europe, the steady evolution of the mammalian faunas was 



Fig 320 Diagiammatio section of tho stratified deposits before the look sheltei of 
Laussel, France, showing a succesMon of five distinct cultures The layers bearing arti¬ 
facts aio atipplod, and tiie oultuies are named Adapted flora G G MaoCuxdy,//umaii 
Origina (D Aiiplolon and Company) 


accentuated by extensive north and south migrations induced by the 
glaciation Accordingly, the different stages of the Pleistocene, lepre- 
sented south of the limits of glaciation by outwash and terrace gravels, 
contain quite distinctive mammalian faunas The succession of 
faunas, worked out fiom many occurrences, provides the key for dat¬ 
ing the human lecords 

Fortunately for us, piimitive man had little notion of sanitation, 
and camp refuse was thiown away to accumulate over the slope below 
many shelters that were long inhabited Of course this refuse included 
broken or discarded artifacts as well as bones The most-favored 
camp sites were used in succession by different peoples throughout 
much of Paleolithic time, and the refuse of each in turn accumulated 
to form a loughly stratified deposit One of the thickest and most 
complete records known is that about the Cave of the Kids in the 
Valley of the Caves in Palestine (Fig 325), wheie stratified lefuse 
about 70 feet thick includes distinct layers representing eleven dif¬ 
ferent cultm’es, ranging from early Paleolithic time to the Bionze Age 
(cf Fig 326) 
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In dating actual human fossils, it is always necessary to make sine 
that the bones have not been aitificially buried in layeis of sediment 
of much oldci date 
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northeast of London, the upper Pliocene beds include seven layeis 
that have yielded abundant eoliths, now accepted by aichcologists 
as the implements of primitive man. About 60 years ago there was 
also found hcic a stiletto made of a deer Iioin The locality has par¬ 
ticular mteiest because the flint implements he undei a fossiliferous 
marine bod that proves conclusively the Pliocene age of the deposit 

Slightly younger deposits (early Pleistocene) of similar nature are 
found at Foxhall, a lew miles northeast of Ipswich, and theie the flints 
aie associated with chaned wood, suggesting that the ancient flint 
workeis had alieady discoveied the use of flic At Cromer, still 
taithei northeast of London, there is anothei bed (the Cromer Foiest 
bed) of early Pleistocene age, fiom which large but ciudely chipped 
flint implements have been iccovcied In none of these localities have 
any skeletal remains been found, but the crude implements indicate 
cleatly the presence ol man in England at the close of the Pliocene 
and early in Pleistocene time 

Pithecanthropus The most discussed of all human fossils was dis¬ 
covered in 1891 by Eugene Dubois, a Dutch army suigeon stationed 
on the island of Java He had opened a quariy for veitebi ate fossils 
in a 3-foot bed ot giavel exposed m the bank of Solo Rivei, and thcie 
he came upon several human bones—a skull cap, a left thigh bone, 
fragments of nasal bones, and three teeth Although each bone was 
isolated, and the thigh bone was found almost 50 feet fiom the skull, 
Dubois assumed that they belonged to one species if not to one indi¬ 
vidual 

The skull cap was remarkably thick, the biow iidges very massive, 
and the forehead low and receding The biain of this skull, estimated 
to have had a volume of 900 cubic centimeters, is intermediate in size 
between that of the largest apes (about 600 cubic centimeters) and 
the average for the lowest types of living men (about 1240 cubic centi¬ 
meters) Moieover, the scars of attachment for the great neck muscles 
at the base of the skull clearly imply that the head was carried for¬ 
ward, as in the apes, instead of being well balanced on the neck, as in 
modem man 

Soon after discovciy, this find was hailed as a “missing link” be¬ 
tween the apes and man and was given the name Pithecanthropus 
(Gi pithecos, an ape, -p anthiopos, a man) Almost at once it became 
a subject of controversy Skeptics aigued that this was an abnoimal 
individual, perhaps an idiot, but statisticians pointed out the extreme 
improbability of an abnoimal individual being the sole one to be 
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preserved and discovcicd All niiccrtaiiily was clcaicd up by Iho 
extensive and caicful rcsiudy of the aica by Wcidcnieieh between tlic 
years 1935 and 19-10, winch bi ought to light three additional skulls 
The last and iiiosi mipoitant of these (Fig 327) includes the upper 



Fig 327 Pilhccantkiopuis ereclus SKull Ko IV, foiiiid by Von Koonigswfild iii 1930, 
as lestoied liy Fianz Weidcureich The dcukoi paits aic arUuil bone, the lighlet pail's 
Aie lostoied by eoiupaiisou y/ith othoi bkulla ot tUo saiuc hptjties 

jaw, part ol the lower jaw, and seveial teeth, along with the posterior 
and basal part of the braineasc It is somewhat huger and more mas¬ 
sive than the original skull and is believed to be that of a male, 
vhcicas the ongmal was female These skulls fully conhim the inter¬ 
pretation pievioiisly made ot the biain size and the shape of the head 
and face of Pithecanthrojnis, and piove beyond possihlo doubt that 
this is a well-defined hut jiiiniitive liuinan type On the other hand, 
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the thigh bone found by Dubois is now believed to belong to a diffeient 
and much youngci species 

The small biain, low foiehead, heavy biow iidges, protruding 
mouth, and receding chin give the skull a staking lesemblance to that 
of a gieat ape, as shown in Fig 328, yet the biain is far larger than 
that of any great ape, the tooth line is even, the canine teeth are lela- 
tively small, and the dentition is in all respects human lathci than 
simian Thcic is no longei any doubt that Pithecanth opus was 
human Unfortunately no limb bones aie yet known 



Fiq S2S SkuU% ol modem gonlla (left), Piihecanthropus (oenter), and modern man 
(light) The apelike chaiiictoi of Ftthecanlh)opus may bo seen in the lotv foiohead, heaiy 
blow iidgei piotuidmg jaws, and chiiiless piofile After F 'Weidenioioh m Nutwal 
Histoi y 

The geologic date of Pithecanthopus was at first thought to be 
late Pliocene or early Pleistocene, but it is now known to be about 
Mid-Pleistocene ^ It is difficult to correlate the deposits m Java with 
those of a definite glacial oi intciglacial age because they are in the 
tiopics, fai fiom scenes of glaciation However, a laige fauna of other 
mammals has now been iccoA'eied from the gravel bed that yielded 
the human fossils, and it clcaily indicates a Mid-Pleistoceiie date 
Six faunal zones aie now known in the Pleistocene deposits of Java, 
and all the remains of Pithecanthi opus are from a single one oi these, 
the so-called Tiinil horizon Othei human icmains of more modern 
type aic found in some of the liighei zones 

Peking Man. A senes of discoveries in 1928 and 1929 near Peking, 
China, brought to light another lace closely allied to Pithecanthi opus 
and representing the same stage of human evolution The lemains 
w'eie found amid cave deposits of Chicken Bone Hill (Chou Kou Tien) 
about 30 miles south of Peking At the time of habitation the site 
was a spacious limestone cavern, but it has since been filled ivitli debris 
fallen from the walls or washed m from above and cemented m pait 
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With iraveitino. The race has been named Sinanthi opus pekmgensis 
(Gr Sinos, China, + anthopos, man) 

Once the gieat significance ot this primitive human laco was per¬ 
ceived, systematic exploration of the deposits was undertaken with 
the joint support of the Geological Sinvcy of China and the llockc- 



PiQ 329 Model of tho skull of Peking man by Franz WoiclGiiroioli Nolo the low foie- 
head, the heavy brow iidges, the protiuding mouth, and tho lecedmg ohm About Yi 
natural size. 


feller Foundation, and foi more than a decade, 50 to 100 technicians 
and laborers worked continuously at tho excavation As a result, 
about 40 individuals have now been rccoveicd, including men and 
women and children In addition, a laige fauna of contcinpoi ancons 
mammals has been found, many of which represent the picy that 
Peking man brought home from the chase About seven-tenLhs of all 
these are cleei, suggesting that this was the chief animal hunled 
The human remains (Fig 329) aie nearly all skulls and lower jaws, 
though a few limb bones have been found The absence oi rarity of 
other skeletal parts, as well as evidences that each skull had been 
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broken in a peculiar way befoie buiial, suggests that these are the 
remains of cannibalistic rites 

As in Pithecanthropus, the chin is receding, the foiehead vciy low, 
the brow ridges over the oibits massive, and the jaws piotruding 
All these featuics, and many other technical details, aic decidedly 
apelike chaiactenstics and indicate plainly that Peking man was 
much closer to our simian ancestois than any modern races The limb 
bones piove, nevcithelcss, that he walked erect. The capacity of the 
biamcase langcs from 850 to 1220 cubic centimeteis, but in the thiec 
best preserved skulls is about 1000 cubic centimeteis (Fig 3291 

Associated with the skeletons have been lound chaiicd animal bones 
and layers w'lth charcoal debus, langing thiough a thickness of 20 
feet of deposits It is theicfoie clear that these people used fiie 
There have also been found with them more than 2000 ciude artifacts 
of the Chcllcan cultural type, made horn greenstones and vein quartz 
These stone impleiuents include choppers, sciapcis, gtavers, and awls 
Some of them were evidently used also foi fashioning weapons from 
animal bones, such as the daggers made from deer antlers In other 
words, Sinanthropus was already man, and was able to organize his 
life so as to select intelligently the materials useful foi fuel, weapons, 
and tools, besides being a successful hunter of animals ^ 

Although believed at first to be of Earlv Pleistocene age, the re¬ 
mains of Sinanthropus are now dated by the associated mammals as 
Middle Pleistocene 

Neandertal Man Best known of all the extinct species of man is 
Homo neandeitalensis, who inhabited the eaveins of western Euiope 
dm mg the last intci glacial age and part of the last glacial age The 
original discovery of this race was made in the Neander Valley near 
Dusseldoif, Germany, whence the name Although found the previ¬ 
ous year, this remaikable skeleton was first described in 1858, the 
year before the publication of Darwin’s Origin of Species Its striking 
characteristics and the timeliness of the discoveiy led to an immediate 
appreciation of the significance of the Neandertals as a species far 
moie apelike than any living men 

Since 1858, several entire skeletons have been lecovered, and incom¬ 
plete remains of many men, women, and children of the Neandertal 
race have been found in the caves and rock shclteis of Belgium, 
France, Italy, Spam, Croatia, Crimea, and Palestine Then stone 
implements (the Mousterian culture), moieovei, are found scattered 
throughout western Europe and farther eastward m Asia Minor, North 
Africa, Syria, northern Arabia, Iraq, and even in China Among the 
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stnking Neandeiialoid discovenct. of the Iasi few ycais may be men¬ 
tioned the skeleton at Broken Hill, Rhodesia, that near Cxahlec in 
Palestine, and others at tlie Cave of the Kids neai Mount Carmel, 
Palestine Fiom these abundant icinams it is possible to present an 
adequate pictuie of the racial cluiractcristics and the cultme of these 

mtcu'sting, people 
The Neandeitals (Fig 331) 
were stocky and short of staiuie, 
larely exceeding 5 feet 4 inches 
Although they stood upiight, 
then cauiagc was more like that 
of a Ricat ape tlian is that of liv¬ 
ing man, because the spine lacked 
Ihe fouibh nr cervical curvatuic 
and the thigh bones wcic sig¬ 
moidally cuivcd in compensa¬ 
tion The head accordingly was 
cairu'd far foiward, and the 
hotly liad a slouched appearance 
(Figs 330, 331) Belli hands 
and feet wei c lui go, and the 
gloat toe vas offset against the 
rest, as in the gicat apes 
The head diflered fi om that of 
modem man in the very low 
foieliead, heavy brow ridges, 
and receding chin (Fig 333) 
The face was undoubtedly big-fcatiiied and hiutal Nevertliclcss the 
biain was appruxiraately equal m size to that of modem man (1400 to 
1600 cubic ccntimeteis), the biaincase being low at the fiont but large 
in the back and lower part It has been mfcired from the proportions 
of the brain that the species v'as deficient m the higlicr qualities of 
reasoning and association, and probably less capable than modern man 
in social organization It must be lemcmbcied, howevci, tliat Ncan- 
dertal man douiinatccl all Euiopc during the last intui’glacud age and 
the eaily part of the last glacial age, a penod estimated to exceed 
100,000 years 

The Neandertals inaclc fairly good stone implements, and they also 
knew how to kindle a fire, for hearths have boon found in then cave 
abodes In at least two instances the skeletons have been found in 
their oiiginal bmial places, where they had been laid away •with im- 




Fta 330 Skelelons of Neandc till iiiiin 
(left) iind that of a living Auati aliaii, showing 
contiast in postuio Aftei Boiile, from 
Woodwaid, British Museum Guide to Foisd 
Man 
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plements, paints, and food, indicating that the laco held a belief in 
immortality, and buried the dead with ceremonial iites 



Chicago Natural History Museum 


Fig 331 Old Man Neandeital Fiont and sidovicwof aiestoration byBlasohlve Note 
the falouclied postuio and compaie with Fig 330 

Among the stone implements of these people, the hand ax, sciaper, 
and point aic most characteiistic Fhnt-tipped speais weie used, but 
there is no evidence that Neandertal man used the bow and airow In 
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view of Ills 1 datively feeble wctipoiis, it is remarkable that be was a 
successful hunter of big game, includiiig the bison, cave bear, lioiso, 
reiiideei, and inainnioth, all of which inhabited Europe during his 
reign 

In his physical luako-iip, Neaiidertal man, like the siiecics of the 
eailici Pleistocene, retained many pnmilivc cliiuacteii,sties iiointing 
clearly to his simian ancestry Ho was replaced with relative sudden¬ 
ness by the inoclcin species, Homo utpinm, about Ibe middle of the last 
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Fig 332 Skulls of Pithocanlkropris (left) and PckinR mnn (iiRht), foi oompanson with 
those of Neandeital and Cio-Magnon man Fiom iiiodols by Fian^ Weidemoioh 

glacial age, and may have pciishccl without contributing to the modem 
races of mankind, though it is possible that some existing stocks, like 
the aboiigmal biishmcn of Australia, sLill cairy a mingling of Ncander- 
taloicl blood 

The Cro-Magnons. Some time during the last glacial age, a supe¬ 
rior race of men appeared in souLliein Europe, quickly leplacing the 
Neandcrtals They had high foreheads, well-defined chins, and laige 
brains, and clearly belong to the modem species, Homo sapiens They 
have been called the Cro-Magnon race foi the original discovery of 
five skeletons at the rock shelter of Cro-Magnon m the French village 
of Les Eyzics in Dordogne (Fig 324) 

The oiiginal find included the skeletons of an old man, two young 
men, a woman, and a child Numcious otlici remains have since 
come to light, so that the race is now known from many skeletons and 
associated stone implements and other evidences of culture and art 
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Among the notable occuriences is that at Pfedmost, Moiavia, which 
was a mass burial including fouitecn complete skeletons and fiag- 
ments ol otheis The ancient camp site at SoluLie, Fiance, has also 
yielded scvcial skeletons besides abundant aiti facts and vast numbeis 
of skeletons of the wild animals, chiefly horses, upon winch these 
people fed after the ice had retieated and the reindeei was gone fiom 
southern Em ope The caverns of the Doidogne Valley and those 



American Museum of Natural History 

Fig 333 Skulls of Neandertal man (left) and Cro-Magnon man (right), from models by 

J H McGregor 


about Giimaldi on the Italian frontier have likewise yielded numerous 
skeletons m buiial position, with associated aitifacts 

Unlike the Neandeitaloids, the Cio-Magnons were tall and straight, 
with lelativoly long legs, stiaight thigh bones, and the complete double 
cuivatuie of the spine that peimittcd the balance of the head as in 
modern man The chin was piominent, the jaws not piotrudmg, the 
foiehead high, and the biam fully as large as in modern races In 
physical development the Cio-Magnons weie essentially modem (Eig 
333 ) 

In mental development, also, they were superior, for they had abun¬ 
dant and well-foimcd implements They used bone foi awls and ivory 
for skewers and ornaments, they made speais and bows and arrows, 
and they dressed themselves in fur Then bodies they ornamented 
w'lth sea shells cleiived from the Mecliteiranean and Atlantic coasts. 
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with fossil shells iroin pliiccs lai iiiliuul, with Llio leetli of mammals 
and even of human beings Towaid the close ot the last ice ago they 
made beads and bracelets and other objects of shell and ivcny 
Aimed with better weapons than any ol then picdeccssors, and 
with a fuller knowledge of their use, tlic Cio-Magnons were able to 
take better advantage of tlieir eiiMioninent Thus, they luul moie 
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Fig 334 Tho cavo of GaiRcis in southwest Lranc o, .is i osloierl 1m c'doi ick Bhisolikc, 
showing d picliisloiic aitist of tho C‘i o-Mukuoii lar o .il woi k on tho inctiiics that oi iianiont 
tho oavein walh Engiavings of elephants and bi&oii may he noted 

ease and time for reflection, and nc Mil ness in them the development 
of art and culture that excite the M'ondcr and admiiation of all antluo- 
pologists Besides pcisonal adoininent and the use of clothing, tins 
artistic development mxis oxiiiessed in pietuie writing on flic M'alls of 
their eaves, in sculptuio upon fragments of stone or on bone imple¬ 
ments, and finally in polycliiomu jiaintings like those ])re&crvcd on the 
walls ot certain caveins in France and Spain (Fig. 834). The carbon 
latio in charcoal fium La.scaux cave, wliicli bears simihii pictures, 
indicates halntation about 15,500 yoais ago 
The Cio-Magnons weie the last of the Paleolithic laees in Eiuope, 
being replaced by Neolithic peoples Then Instoiy lalls into foui 
cultuial stages, the Aiuignacian, the Solutiean, the Magdalenian, and 
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the Azilian, each characterized by certain types of flint -workman¬ 
ship The race -was not exterrainatcd like the older human species, 
foi the Cio-Magnon stock, interbied -with late inigiants fioin -^vestem 
Asia, IS the cliicct anecstoi of living races of South Euiopeans 

Neolithic Peoples and the Beginning op Civilization 

As the last ico sheet disappeared from Euiope, the climate inodci- 
ated and became inoistei The reindeer, which had been the chief 
souice of food and clothing foi Cio-Magnon man while the ice still 
occupied noithcrn Europe, now vanished from most nt the continent 
These changes in climate and food were accompanied by human mi¬ 
grations, as man spioad northward in the ivake of the vanishing ice 
About this tunc the art of finishing stone implements by giradmg 
and polishing wuis developed in southein Europe, and a now cultuie, 
the Neolithic, spiead quickly over the continent This wms accom¬ 
panied by the development of the art of making potteiy, the domes¬ 
tication of animals, and the adoption ot habits of cominiinal life 
Latci on, pcimancnt habitations in the form of stone or wooden huts 
01 tents of skins became geiicial, and agncultuie was pursued In 
Older to sccuie protection, villages weie commonly built on piles ovci 
lake shores, swamps, or stieanib 

With the spread of Neolithic cultuie, civilization had truly begun, 
replacing the barbansm and savageiy of Paleolithic peoples Theic is 
evidence of this change in human affairs as caily as 18,000 b c in Asia 
Minor, Aiabia, and Pcisia Probably the oldest center ot Neolithic 
cultuie yet known is the ancient city of Susa in Peisia, which is said 
to date finm at least 20,000 b c The cultuie had spread to the island 
of Crete by 14,000 b c and to Denmark by about 12,000 b c. 

Early Man in North America “ 

All the Paleolithic races of men described above lived in the Old 
World It IS generally accepted that man evolved in that hemisphere, 
for no remains of the higher piiinates arc known m America The 
date of man's first migiation to this continent is a pioblein long under 
discussion, but one on which iiuineious lecent finds have thrown light 
It now appeals ceitain that he ariived before the extinction of sev¬ 
eral of the chai acteristic Pleistocene mammals, notably the Columbian 
elephant, the American mastodon, a large extinct species of bison, a 
native camel, three species of hoise, and the giant giound-sloth In- 
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deed, it has been suspected that he may have contnbuied to the ex¬ 
tinction of some of these great game animals All the Amciican 
human fossils arc atiiibutable, nevertheless, to the modern species, 
Homo sapiens. 

A notable discovery of human bones was made at Vero, south of 
Daytona Beach, Florida, in 191G, and at Meibomne, about 40 miles 
farthei south Numcious fragments of human icmains occur at the 
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Tio 336 Folsom points fioiti tlio Lindenmcici laiich in Coloiado, aftci F' Kobeibs Tho 
longitudinal fluting (C) of these fiiiclv chipped iioiiits is distinctive 

latter place m a bed of sand that also contains bones of the giant 
ground-sloth, two extinct species of hoise, the mastodon, the Columbian 
elephant, and a saber-tooth cat 

In 1926 crude stone implements wcic found ncai Folsom, New Mex¬ 
ico, associated with an extinct species of buffalo. Bison Laylon Later 
excavation icvealed an arrow point between two bison iibs, and even¬ 
tually the remains of 40 to 50 siiccimens of the extinct Inson weie 
found within a small aioa, repiesenting a kill and baibccuc Among 
these were 16 anow points ol a distinctive type of woikmanship now 
known as the Folsom culiwe (Fig 335) In recent ycais tins culture 
has been found widely distributed in southwestern United States, and 
in several places it is associated wnth extinct animals A notable 
example is the Lindenincicr site north of Fort Collins, Colorado, 
where, at a depth of 14 or 15 feet below the present surface, the Fol- 
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som culture is found associated with a “bison kill” similar to that at 
Folsom Here the lemams of an extinct camel were found with the 
bison From this ancient camp site some 2000 stone implements have 
been lecovcred, including sciapeis, dulls, graveis, and blades 

A similai occuirencc was lound ncai Plainview, Texas, m 1944,* 
wheie extensive quaiiymg in a gravel bed led to the recoveiy of skele¬ 
tons of between 50 and 100 bison ol an extinct species larger than 
the modem buffalo With these were found 19 projectile points and 8 
stone sciapeis It is believed that the bison wcie stampeded into fall¬ 
ing fiom the liver bluff The artifacts lesemble those at Folsom At 
this quarry the only othei animal found was a laige wolf, but, neai by, 
the same bod yielded the Columbian elephant and a fossil hoi so 

Artifacts have also been found deeply bulled in river-terrace gravels 
at numeious localities in southwestern United States, and in scveial 
of these they are associated with remains of extinct mammals 

Terraces along Blanco Creek about 100 miles southeast of Ban An¬ 
tonio, Texas, foi example, have yielded 6 sites in which flint artifacts 
are associated with bones of extinct animals including elephants, 
mastodons, horses, bison, camels, glyptodons, etc Similar deposits 
at Frederick, Oklahoma, cited in the first printing, should be regaided 
with skepticism since the artifacts wcic not seen in place by tiained 
scientists and may not be contcmpoianeous with the extinct mammals 

The valley about Mexico City has yielded several bits of evidence 
of early man A skeleton and associated aitifacts were found beneath 
a lava flow m the suburban village of San Angel, and the same cultuie 
was found beneath 10 to 12 feet of sediments northwest of the city 
The lava flow is believed to have occuiied at least 2000 years ago, 
and possibly as much as 10,000 years Hence these people long pie- 
ceded the Aztecs, who date from about ad 500 In 1946 inoie lemains 
were found ncai Tepexpan Hcie a human skeleton was discoveied in 
a layer that also yielded scveial artifacts (three graveis, a scraper, 
and a bone point), as well as bones of the imperial mammoth, bison, 
horse, and glyptodont ° 

These are but samples of a laige number of occuirences of eithci 
artifacts or human fossils associated with the large extinct mammals 
that were common in North America duiing the Pleistocene epoch 
Such deposits aie ceitainly seveial thousands of years old, but it is 
not yet possible to deteimine whether they are as old as the last glacial 
age 

In 1931, however, a skeleton was found in varved clays near Pelican 
Eapids, Minnesota, in circumstances that indicate diowning in a pro- 
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glacial lake The fekcletnn iis that of a young woman and was found 
at a depth of 9 feet, 9 inches, m vmvod clay Workuicn who exhumed 
the skeleton assert that the lamination iii the clay extended unbroken 
over it, so that it could not he ascribed to hiLcr biiiial 
It is quite clear, m slioit, that man amved m Nnitli Ameiica sev- 
cial thousands of ycais ago, probably during the iccessioii ul the last 
ice sheet 
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“It IS always necessary to close a lecture on Geology in humility 
On the ship Earth which bears us into immensity Lowaid an end which 
God alone knows, we are steerage passcngcis We are emigiants who 
Imow only their own misfortune The least ignoiant among us, the 
most daiing, the most icstless, ask omsclves questions, we demand 
when the voyage of humanity began, how long it will last, how the 
ship goes, why do its decks and hull vibrate, why do sounds sometimes 
come up from the hold and go out by the hatchway, we ask what 
secrets do the depths of the strange vessel conceal and we suffer from 
never knowing the scciets 

"You and I aic of the group of icstless and daiing ones who would 
like to know and who aic nevci satisfied with any i espouse We hold 
oui selves togethei on the prow of the ship, attentive to all the indica¬ 
tions that come from the mysterious inleiior, oi the monotonous sea, 
or the still more monotonous sky We console each other by speaking 
of the shore toward which we devoutly believe we sail, where we shall 
indeed arrive, where wo shall go ashoie tomorrow, perhaps This 
shore not one of us has over seen, but all would lecognize it without 
hesitation weie it to appear on the horizon For it is the shoie of the 
countiy of oui diearns, where the air is so pure there is no death, the 
countiy of all oui desires, and its name is ‘truth ’ ” 

—PiBREB TeRMIER 
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AN INTRODUCTION TO ANIMALS AND PLANTS 

Scientific Names. The beginner in natural history is usually dis¬ 
mayed by the scientific names of mifainihai types of animals and 
plants, and is inclined to wonclci ivliy common ntiincs are not used 
instead The answer to this is vciy simple a name is common only 
because it is familiar Such wouls as bon const? tefor, qda monster, 
and rhinoceros aic common, but a small child finds them fully as dif¬ 
ficult as Homo sapiens (man), or Equus caballns (the horse) Moic- 
over, only a few thousand kinds of animals arc at all commonly 
known, and the icst, already cvcecding 825,000 kinds, can thoieforc 
have no really "common” names 

Furtheimoie, so long as wc have a divcisity of languages, there can 
be no really common names of general and wovlil-wnle usage To the 
Germans, the common name of the horse is Fleul, to the French, 
cheval, to the Italians, cavallo, etc Morcovei, a common name such 
as hear has many different meanings, to a New Fmghmdcr it implies 
one species, to a Montanan anothci, and to an Alaskan a quite dif¬ 
ferent kind of bear Therefore, if natuiahsts ol all coimtnes are to 
share in scientific studies, it is obviously iicccssaiy that each species 
should bear a name that applies to one kind alone and is recognized 
m all languages For such names, naturalists have wisely turned to 
the classical languages, Greek and Latin 

The caily natuiahsts did, indeed, give each kind of animal but a 
single name Thus, in the Roman Empire the cat bore the name jelis, 
and the hoise was called equus This scheme sufficed so long as only 
a few hundred kinds of animals were known, and the scliolais of the 
civilized world all lived in a relatively small area about the Mediter¬ 
ranean But as culture spread during the Middle Ages, and animals 
from othci regions were studied, it became neccssaiy to accompany 
each name with a shoit diagnosis or desciiption in older to distinguish 
it fiom some similar, previously known kind Latin scholars at fust 
used the name felis for the domestic cat, but they latei became ac¬ 
quainted with the great tawny cat of Africa, as well as the spotted cat 
of the tiopics 
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When it became necessary to accompany the common name with 
sufficient adjectives or descriptive phrases to indicate cleaily which 
kind was meant, the gicat Swedish naturalist, Linnaius, devised the 
plan oi giving each species a double name, the first lepiescnting the 
gioup (genus), the second a special oi specific name foi that particular 
kind The latter is generally a descriptive oi qualifying adjective 
standing in place of a desciiptive paragraph, and, in haimony with 
the Latin custom, it follows the woid which it modifies Thus, the 
house cat became Felts domestica, and the gicat spotted cat, Felts 
leopardalis (Lat patdahs, spotted) The scientific name is, there¬ 
fore, in leality a nickname, oi an abbreviation of the longer diagnosis 
that would otherwise be requiied 

It should be noted that the generic name is capitalized, and that the 
specific name is not 

Classification of Animals and Plants. In dealing wuth any large 
or complex grouji of objects, some scheme of classification or orderly 
grouping IS lequircd To appreciate this fact, wm need only contem¬ 
plate an aimy of individuals w'lthout organization, a great hbiaiy 
with the books placed at random on the shelves, oi a dictionary with 
the wolds aiiangcd by chancel Nowheie is the need for organization 
more keenly felt than in the study of the enormously vaiied forms of 
animal and plant life Here, obviously, the most useful basis of clas¬ 
sification IS blood kinship, and a biologic classificaiion has therefore 
been adopted which aims to group creatures according to then degree 
of actual iclationship, regardless of supeificial resemblances or dif¬ 
ferences 

In this biologic scheme, the animal and plant kingdoms aic divided, 
first, into phyla (Gi phylon, stock or race), each phylum including 
organisms that aie alike in some fundamental anatomical characters 
Foi example, animals with backbones foim the phylum Vertebiata 
(Lat veitebratus, having a backbone), those with jointed legs and 
bodies, such as insects, spiders, and crabs, form the phylum Atthrop- 
oda (Gi arthron, joint, + poiis, foot) 

Each phylum in turn is divisible into classes, within which the re¬ 
semblances aic still closci For example, among the veitebrates the 
fishes constitute one class, birds anothci, and mammals a third 
Classes arc further subdivided into oideis Thus, the class Mammalia 
includes the orders Carnivora (flcsli-cating types), Rodentia (gnaw¬ 
ers like rats and squiiiels), etc Orders arc divisible into families, 
and these in turn into geneia, each genus including one or several 
kinds (species) of animals that are very closely related and struc- 
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Luially alike For cxamiilo, llu> cuth t'oini I he nncl Ilie 

dogs and wohTS the genus Caniit The siiecios u (he next .smallest 
unit, including individuals vciy closely alike 


Animai-s 

The following table jiiescnts in simple lonn I he inajoi subdivisions 
of the animal kingdom, gioujis (hat me wholly evliiict being italicized 
Sec also the Tiec of Life, Fig 32, p 57 

A SiMPLK CinssiFicvnoN oi.- Tin; Amm \i, KiNi.iinM: 

Phylum Protozoa-—singlc-i riled, gcneiiilly imc losisipu .iniiniils I‘\ lunoebil, 
foiarumilcia, ladiol.iuii, and many disia-.e genii'; 

Phylum Porifera—sponges 

Phylum Coelenterata—c'oiid-like .'iniiiinK, lacking visiei'i 
Class Hydrozoa—hydiQids, yuiplohlcs 

Class Anthozoa—eoials and s .i-anoinonr'., I( Ikk oml't, hi \,ii oiiiL, lumin/Lumb 
CO) ah 

Phylum Platyhelmmthes — fl.dwoims (ne\ei fossil) 

Phylum Nemathelminthes—tliieiulnoimh (iievei lossil) 

Phylum Trochelminthes—lolitois, all iiiKinseoiue (nevi'i fosuil) 

Phylum Brachiopoda—hiaeluopods 
Phylum Biyozoa—moss amnmis 
Phylum Echinodertnata—echiuodei ms 
Class Asteroidea—slmfish 

Class Echinoidea—soa-inchins, lii'iiil-uiiInns, siml dollais 
Class Crmoidea—sea-hlips oi lealhci-stais 
Class Blastoidea—sea Inuh oi hlaslonh 
Class Cystoidea —lyitauh 
Phylum Mollusca—molluscs 

Class Pelecypoda—clams, oysU'is, .scallo])S 
Class Gastropoda—snails, conclis, elc 

Class Cephalopoda — squids, dcsilfisli, naiililoids, anuntmiU”), and hrlcmmtcs 
Phylmn Annelida—segmented woinis, oai Ihwoi ms, beach woims, etc 
Phjliim Arthropoda—mvoitrbiatc animals uith jointed legs. 

Class Crustacea—lobstcis, ciabs 

Class Myriapoda—cpiitipodos, imlliped.s, elc 

Class Arachnoidea — spulcis, scoipions, nuyplouh, tiilnbilcs 

Class Insecta—insects 

Phylum Vertebiata (Clioidata)—animats ivilli liackboncs 
Class Pisces—fi.shcs (in Uially foiii clii.s.scs) 

Class Amphibia — .sahimandoi.s, fiogs, labiiiinllioiliiitl'. 

Class Reptilia — crniodilrs, turtles, (btiii.siniit., Hhlliyosowi,, plc.smsnit) s, movi 
saws, pLoosaws, snakes 
Class Aves—bnds 

Class Mammalia—milk-feeding, waim-bloodod animals (including man) 
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Phylum Piotozoa 

Singlc-cellecl animals cnnstituie the phylum Piotozoa (Gi piotos, 
fiist, + zoon, animal), au eallccl on the assumption that it includes the 
most primitive types of animal lile Although widely distributed and 
exticmely numciuus, piotozuans aic ncaily all micioscupic cand thcie- 
foie aie seldom seen 

Each piotozoan is a tiny dioplet of fluid living mattei enclosed in 
a incnibiannus coll wall Unlike highci animals, it has no special 
visccial organs foi digestion, cii dilation, rcpioduction, etc Food con¬ 
sists of otlior microscopic ciealiiics, commonly plants, which aic swal¬ 
lowed whole Lacking a mouth, the little animal takes its lood 
thiough a tcmpoiaiy ruptuie in its cell wall, and latci voids the in¬ 
digestible icsiduc by the same means Once in the body, the food 
paitifle IS attacked by fluids that chgest it, and the smgle-cclled 
animal assimilates this food without the need of a cn dilatory system 
When fully giowri, the tiny animal icpiodiices by simply splitting into 
two or 11101 e young, each of wdiich is like the paicnt but smallei 
Since the jiaicnt passes com]ilctcly into its oftspiing, iheie ib no death 
m the noimal com sc ol events for these simple cicatuies Individuals 
may be killed, of course, by unfavoiable enviionmcnt oi by othoi 
animals, this, however, may be consideiecl accidental, fur death is not 
the inevitable fate of each individual, as it is v ith all higher animals 

Although piotozoans probably exceed all othci types of animal life 
combined, both in iiumbei of individuals and in total bulk, the vast 
majoiity aie soit-tissucd and incapable of fossihzation Theie are, 
however, two piohfic gioups of them that form delicate shells of cal¬ 
cium caibonato oi silica, and have loft an imposing lecoid These are 
the ordeis Foraminifeia and Itadiolaiia 

The F 01 nmiiujera (Fig 336) build tiny chambeied shells, commonly 
of calcium caibonaLe They inhabit all the oceans but aie laiely 
found in fiesh waters The majority live on the bottom or cling to 
seaweeds, but about twenty kinds float near the suiface of the open 
oceans, whence then .shells, abandoned at time of leproduction, lain 
down like a snowiall to cover the sea floor The commonest of these 
IS Globujerina, and the soft, fine-grained, limy deposit made mainly 
by its shells is known as globujerina ooze (Fig 336) Approximately 
50,000,000 square miles of the sea floor aie now coveied to an unknown 
depth by these deposits At vaiious times in the geologic past, foram- 
inifeial shells liaim accumulated in shallow water to foim extensive 
beds of chalk or limestone The pyramids of Gizeli, foi example, are 
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made of a limestone that is widely spreud in the Mediterranean region 
and is largely made of coui-sliajK’fl shells known as mimmulites (Fig 
321, p. 494] Still older limestones of the late Paleozoic are formed 
of jusuUnes, a tube having shells aliouL the size and shape of wheat 
grains (Fig 173, p 277) 

The Radiolaria (Fig 336) make then sheila of silica Diffciing 
from the capsulc-hke shell of the foiamiiiiler, these aie of a loose, 



Ynlt Pfiihijilu Mwcum 


Ew 330 PiQloT/Oan sholh Lofl, Rlotnuc'ima oozr (XL)) (IuhIrwI (unu a doiith o( 
2898 feet about 100 inilo'j west of Mai tiiiKiue, Went Imhos Hinlit, ladintunn oozo 
(X35) fiom the Miocouo bodb of the island of Biuhiidos, West Iiidios 

open textuic, like a delicate glass sieve They form deposits of radi- 
olarian ooze on parts of the deep sea floor 

Phylitm Ponfeia 

The Poiifera or sponges arc multiccllnlai animals m wdneh there is 
little specialization of tissues The "bath sponge” is but the silken 
skeleton of one highly specialized type The essential fcatiiics of the 
group aic better displayed by a vciy simple sponge (Fig 337^4) Such 
an individual has the form of a slender vase, there is nothing to it 
but a living wall surrounding a large hollow siiace This -wall is 
made up of three layers like a jelly sandwuch, the outer layer being 
foimcd of protective cells (ectoderm), the iiiiiei layc'r of feeding cells 
(endoderm), and the middle layer of a noiicellulai jelly-like siilisLance 
(mesoglea) The cndodermal cells feed as do protozoans, each captur¬ 
ing and swallowing other raicioscopic oigamsms, the ectodermal cells 
do not take food but absorb what is needed from the near-by endo- 
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cligestive or circulaloiy organs are requued 


Tostiengthoutln. 1 T , 

like fibcis of sponirn, wall, cither mmcial spicules or thread- 

m the gelatinous substance allied to silk, are formed 

aie united to form m ^ specialized cells and 

arc all made of spo^n 

. onifiniTi pm-L^ many sponges the spicules aic of silica 

' Pate (Fig 337 ( 7 ) The mineral spicules aie com¬ 


er 



Fio 337 Sponge, j , , r. 

lai seetiun of a moie on i '^''''Kuunrnatio vertical eoction of a very simple sponge, B, simi- 
ecl, octodei m, inh, inllal'*’ ^ hpongo, C, vai lous types of sponge spicules, greatly enlai ged 
of Natural Ilistoiy “anal, mes, mesoglea, p, wall pore From Biooldyn Museum 


inonly ineseivcd, and some of these, found in the Pre-Cambrian locks 

0 1 C lanc anyoii^ aie among the oldest records of life on the 
Earth 

Phylum CoBlenteiata 

animals includes the hydroids, coials, and 
jellyfis lese, ip^^ sponge, consist essentially of a body wall, 
lac ong any luteinaj oigans, whence the name Ccclenterata (Gr koilos, 
hollow,-t- ente, on, mside cavity) 

Hydro! s. jg simple repiesentative of the phylum, and 

particulaily of the class Hydrozoa A veitical section through its 
slendci subcyhndncal body (Fig 338) shows a wall of three layers, 
as m thc^ ^pongQ thiee respects it is vastly ahead of the 

sponge First, it b^g muscular tissue that permits change of shape and 
even locomotion^ makes possible a ciiclet of muscular tentacles 
about the mouth with which to captuie food, second, in the innei 
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layer are special gland cells thill, (‘xcretc digestive ]iiiocs into the cen¬ 
tral cavity, and, third, it hears stinging cells like those of (he jellyfish 
that can paralyze other animals cnining into contact with it The 
hydroid is thus able to capUiie, swallow, and digest amnials almost 
as large as itself (Fig 33S) 

Hydras live as solitary nidividnals, hnt many hyihoids icprnduce 


by budding and thus fonn colonies < 
(Fig 338). Many of these secictc a 



Eig 338 Ilydioicls Loft, cliiiKi amimitic 
veitioal section of Ili/dra, niucli eiituK(‘<l, 
ooiitoi, Ilijdra rtovomiiiB a young lifuit (X2), 
light, a colonial liydionl, OUcIm, with two 
.idult individu.iK aiul a young Inul 

ficially iGsembliiig heavy jiencil ma 
name (Gr giapton, written, -\- lithos, 


if iiidividiuds oiganioiilly' united 
holl-like or vaselikc sheath (hy- 
diotheca) alioiit tlieir body as 
a jiroleetion These sheaths 
aic lornu'd ol clutiu, a sub¬ 
stance similar to fingci nails 
The (ixiptolifes, coinraonly 
eonsiderod an Older of hy- 
droids,' lived in eaily Paleo¬ 
zoic lime, fonuuig sleiulcv col¬ 
onies 111 winch individuals weic 
closely 1 linked along a com- 
nion axis They aie gcncially 
pieservi'd m daik shales where 
they art' jnessed (hit iinrl le- 
diiced (o a filiii of earhon siipcr- 
rks on the stone, wliencc their 
slone) (Ihg 9,'5, ji 103) 


Corals, The corals and sea-anemones foini another class of this 


phylum, the j4?ii/io2oa (Gr antho^, flower, + somi, anmuil), so nninccl 
because of then bright colors and flowci-hke synmietiy (Fig 339) 
The coral animal rc,scmbles Ilijdja in essentuils, hut with the addition 
of thin radial partitions (mesenteries) tliat extend fiom the wall pait 
way into the central cavity, sulxlmdiiig it into a senes of alcoves 
The coral animal secretes about its side and liase an external skele¬ 


ton of calcium caibonatc The animal is correctly Lciincd a polyp, 
and its skeleton, coral 

For some unknown ica&on the base of the coial polyp is invariably 
marked by radial infoldings winch altoiiuitc in position with the 
intcinal mesenteries The skeleton sccrcteil against this base is 
maikcd by nidial ridges or plates known as .s'Cp/a Coial polyps may 


-iKo/lowhlu Ikis advanced Aigumenl'i foi phuiiig Uic Ria|)toIil,cs wilh ilic hemi- 
choid.ites, lowly lelativci of the voilpbialos 
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live singly, but many kinds icpioduce by budding new polyps fiom 
tlic margins of the older and tlnis develop colonies in which many indi¬ 
viduals co-operate to build a complex stony skeleton 
The skeleton of a solitary coral may be cushion-shaped or hoin- 
shaped or subcyhndiical, and usually has a cuplikc depression at the 
summit m which the base of the polyp is housed In colonial forms the 
skeleton is commonly branching oi massive, with depressions foi the 
bases of the individual polyps The radiating kepia aie ab‘iolutelij dis- 



Fio 330 Ticfl, poiUori of a roloiiy of a modein coral w:lh living polyps (o-(^) and an ex* 
I)Oscd couil hhowiug the septa (c), light, a hoin coral 


tinciivG of the cotal skeleton and seive to distinguish it from all othei 
types of shells 

It is Avell known that coials make iccfs in the sea, but only wheie 
it is Avaim and shallow Accoidingly, the coial leefs in the locks of 
past geologic ages aie rogauled as evidence of mild tempeiature and 
ot shallow watei Coials have been impoitant agents m lock forma¬ 
tion at vaiions times in the past Coial leeis now occupy an aiea of 
about hall a million square miles of the shallow seas, and then limy 
debus spreads ovci a vastly greater aiea 

Ncaily all the modern coials belong to the subclass Hexacoralla, so 
named because thou septa aie mtieduced in cycles of six or multiples 
of SIX In these tlie septa arc equally siiaced, so that they seem to 
ladiate with icguhir syininctiy in all diiections iiom the center This 
gioup has been the donnnant one since the beginning of Mesozoic time 
The subclass Tebacoralla (Fig 339, light), on the contrary, which was 
dominant in the Paleozoic eia, shows nioic or less conspicuous bilat- 
eial .symmetiy, with septa intioduccd in cycles of four 
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Phylum Bku hiopoda 

The brachiopods confititute a phylum oi uithei small niannc ani¬ 
mals that mvauably l)aai' an cxtcnuil shell of two pieces, known as 
valves (Fig 340) Although between 200 and 300 kinds me now liv¬ 
ing, they aiG seldoiii seen on the beaeh and are hiudly known except 
to specialists, but they arc exUemely abnndiiiit fossils, especially ni 
Paleozoic locks, and so challenge (ho mlerest ol geologists 

The body is imich moic coniplex than that of the coral, having a 
digestive system, kidneys, a nervous systi'in, leprodiictive oigans, and 



Fid 340 Biaclnopocls LofC, a shell in ikisiHoii of Kiowlh, altai hurl lo a poinl, of lock 
by the pedicle Contci, doisal view of huiiic, showing the pislir lu foiainoii and the bilatcial 
symmetiy (i e , each bide is a iiiiiioi lollectioii of lliu olhui) HikUI, skIq viuw Khowiiii! 
that the valves aio unecjual in size and iii bliapc 

w'ell-developcd muscles. In life, the animal is attached to the bottom 
by a fleshy stalk (pedicle) at the posterior end, its mouth facing up¬ 
ward The two valves of the shell aic hiiigefl togcthoi at the posterior 
end of the body and can be opened inoic oi loss widely at the fiont 
They are borne on the back and fiont sni faces of the body (not on 
the sides), and thus a plane of syinmetiy passes through the middle 
of each valve Special muscles open and close the shell, and a pan of 
interlocking teeth and sockets at the posteiioi end foims a lunge A 
hole (pedicle foiamcn) for the passage of the stalk is usually present 
neai the apex of the ventral valve 

In so lar as the biachiopod shell consists of two valves, it resembles 
the shell of a clam, but the likeness is purely supeificial The struc¬ 
ture of the body is unlike that of a clam, and the shell valves are borne 
in a wholly different position In the clam, the valves are on the sides 
of the body and are hinged along the back, in the brachiopod, they are 
borne on the back and front surfaces and are hinged across the pos- 
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te 7 Lor end As a lesult, the bymmctry of the shell is quite dissimilar 
m these two groups, the brachiopod shell being inequivalved although 
each valve is equilateral, each half being a minor reflection of the 
othei, like the left and light sides of a coat The clam shell is equi- 
valved, iiglit and left valves being inmoi reflections of one anothei 
(except in dclorincd types like the oyster), but each valve is inequi- 
late^'ol, the front and hind ends being normally dilfeicnt in shape 
Biachiopod shells vary gicatly in shape (PI 4, figs 10-22), some 
being strongly biconvex, otheis plano-convex, and others concavo- 
convex, the space between the valves in the last type being so thin 
that the animal must have had the proportions of a flatworm In 
many brachiopods the hinge is short, and the posteiior end of the shell 
pointed 01 “beaked” as in Fig 340, in others, it is long and stiaight, 
and the shell is “squaic-shouldeicd ” Some shells aic smooth, many 
are iibbed, and some aie spiny In spite of the divcisity of form, 
the huichiopod shell is easily recognized by its symnietiy 
Brachiopods aie rather small animals, the average length of shell 
licing between 1 and 2 inches A few attained a diameter of 3 or 4 
inches, and the laigcst that cvci lived had a breadth of about 1 foot 

Phylum Bryozoa 

The Bryozoa or moss animals form anothei impoitant phylum little 
known to the general public, in spite of the fact that living foims are 
commonly attached to the rocks and seaweeds everywheie along the 
scacoast (Fig 341) Anatomically the bryozoan is very simple and 
in many lespccts more like a brachiopod than othei animals, but, un¬ 
like the brachiopod, it is mvaiiably minute and always grows in col¬ 
onies The individuals laiely attain a character much greater than 
that of a peiiod on this page, but thousands of them living togethei 
may loim a colony some inches across Locally they combine to make 
leef limestones (Fig 118, p 192) 

Unlike the brachiopod, the bryozoan forms a simple skeleton in the 
foira of a slendci tube or a boxlike cell, with an opening at or near 
one end through which the fiont end of the body can be thrust out 
while feeding Many biyozoaiis have only a soft, delicate coveiing of 
chitin, but the majority sccicte a skeleton of calcium caibonate 
The foim of the colonial skeleton varies enormously with different 
species It may be branching and inosshkc, whence the name (Gi 
biyon, moss), or steralike, leafhke, massive, or enciusting In spite 
of all this divcisity, the bryozoan skeleton is easily recognized because 
it is made up of minute tubules or cells. 
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Ph yhun Echmodonnaia 

The Rclnnodeiim aie pccuhaily (hneu-ni, fiom all other animals 
This great phylum ineludes the htarfislics, echiiioids, miioids, blas- 
toids, and cystoids Tlieir bodies me short and eoimnoidy globulm 
Alinofet all have a radial anil five-rayed syninieliy Neaily all de¬ 
velop a shell in the form of limy plales that are secieled in (lie body 



Fill 3-11 Bivozoa Loft, Minijwa, ii ImiiR loloiiv of nin^slike fomi Righl, fossil 
biyozoans of many kinds weathenug fioin a pioco ot Lowoi Dovoniin Inncslono Natuia^ 


wall and fit edge to edge like the pieces in a mosaic Tlic types onu- 
merated above represent five distinct classes vliich vill be discussed 
in Older 

Echmoids or Sea-urchins A typical ochiiioid (Fig 3421 has a 
globular or bun-shaped body bristling Avitli slciidoi, movable spines, 
whence the name (Or echinos, hedgehog) The mouth is at the ccntei 
of the lower side, and the axis of the liody is vcitical iSLrip|nng away 
the spines, we find the body wall of the animal to he a rigid, boxhke 
shell of polygonal plates arranged in twenty vertieal columns Upon 
these plates arc scattered small loundcd nubs, each ol wlmdi was the 
pivot foi a spine 

Itadiating lioiu the summit of the shell to the mouth are five paths 
along which the plates are thickly pcrfoiatcd with small double- 
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baiielcd poica Tlie&e paths aic the food gioovus or arnbulacral weat, 
In life each pan of pores bears a slender muscular oigaii known as a 
lube-foot The lubc-fcct aie part of a rcinaikablc “ambidaci al sys- 



Fii> 312 Till ee views of the eelunoid, Ctdaio Left, a young individual as it ,appcji‘ 
alive, oenter, uppoi am fare of shell -with spines lemoved, showing the five ainhulacial 
aioas (with lows of poies) and five mteiamViuliitinl aieas (with laige bosses foi spiiiu 
bases), light, side view showing the anaiigemont of the pUtca to be in vertical columns 
About Yi natuial su,o 


tern,” found only anioiig the cchinodenns, which serves for feeble loco¬ 
motion, for the gdiheuiig of food, and foi rospiiation Tim body 
cavity Is spacious and includes a well-developed digestive system, a 
nervous svsteiu, and repioduc- 
tive 01 gnus 

We have desenlied a typical 

sea-mclnu as a uuhally sym- 

nietncal amuial, Imt ilieic arc 

some specialized types (heait- 

uiclmis and sand dollais) in 

nliicli a .sceimdary bilateial syiii- 

mctiv has modified the piinii- 

tivc, iicntameial form In all 

cclunouls, lunveter, a five-iaycd 

symmetry is clcaily evident ctmii 

though SOmewliat niegular YnU Peabody Muheum 

Starfishes. Hcxt ot km to A pnmitive starfish, 

the cchinoids, the staifishes arc oHcAfurs Ai Ufimal onsr b om a natmal mold 
, , , ,1 j. in Middle Devonian sandstone of New yoil: 

distinguished by their stai- N.itnuiUue 

shaped loiin (Fig 343), the body 

being dcpi essed and extended at the sides into tapeiing rays The 
skeleton is made of small limy jilates, articulated by fleshy tissues so 
as to permit some flexibility as in a coat of cliain-inail 

Stai fishes piobably have been abundant since early Paleozoic time, 
but are laicly tnnnd as fossils, because then loosely joined plates lall 
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Cnnoid 


apart with the decay of the flesh, and such small ine&ulai plates aic 
not easily iccagnisied 

Crinoids The cunoids or sea hhes (Fig 344) look more plant- 
likc than aniinal-hkc, foi then glolnilai bodies are siippoiicd by flex¬ 
ible stalks which aiichni them to the sea floor, mouth iiinvavd The 
amraal consists of thiee chief pails, a .steji?, the bodij jiiopei, and a 

senes of blanching ai'Din 
In spite ol its plaiitlikc appearance, 
the cnnoid i.s an animal, essentially 
eoniiiarabic in its stmetiirc to a starfish, 
though in making this eompaiison wc 
must turn the starfish with its mouth 
upward 

The body of the cnnoid is covered by 
a senes of limy plates which fit edge to 
edge like those of the eeliiiioid These 
plates are aiianged in seieial hori¬ 
zontal cycles, one above anothci, be¬ 
ginning at the iippei end of the stem 
Nonnally the ])lates in each cycle num- 
hei five or some multiple of five, so that 
five-rayed symmetiv is the lule lieic, as 
in the .sea-ureluns and staifish The 
stalk IS stiengthened by the sceiction 
within it of a senes of Iniiton-shuped 
limy jilatcs which aie superposed like 
buttons on a string These "stem 
joints” are united by imisoular tissue, so 
that the stem has flexibility enough to 
let the animal swing with the cuiicnts The mouth is at the summit of 
the body, and from it the food grooves radiate on to the upper sides of 
the aims Indeed, the arms are structuics developed ineiely to extend 
the food grooves 

The living ciinoids are brilliantly and beaiitifiilly colored with 
shades of lavender, puiplc, red, lemon-yellow, oi blown, and it is fitting 
that they should be called sea lilies They lend to giow m patches 
on the sea floor and wlieic picscnt arc connnunly very abundant, so 
that they present much the appcaiancc of subinaiine flower beds as 
they sway gracefully with the bottom cun cuts Upon the death of 
the animal its limy plates commonly fall apart Cnnoid remains are 



Cysfoid 


Frc, 341 fetiillvod etiimoclei ins 
A ounoid, Plali/cnnus, with pait of 
its stem, u blastoid, Pciihetmtc% 
without its stem, a oystoid, Uphsero- 
ci/slrUi, with moat of its stem niias- 
ing Natuial size Aftei Wachs- 
muth and Spimgei, Roraer, and 
Schucheit 


AN INTRODUCTION TO ANIMALS AND PLANTS 


533 


among the commonest fossils in some of the Paleozoic formations, and 
they give distinctive chaiacter to "crmoidal limestones,” some of 
which have wide extent 

Blastoids. The bla&toids or sea buds (Gr blastos, bud) foim 
another group of stalked cchiiiodcrms (Tig 344) Then bodies aie 
globulai 01 biid-Klmped and aic encased in a shell of 13 chief plates 
of which 3 form a basal cycle, while 2 succeeding cycles have 5 plates 
each Thcic aie no arms, the food grooves lying upon the surface of 
the body as they do in the echinoids These food grooves are always 
simple, 5 111 number, and aiianged m peifcct five-rayed symmetry 
about the mouth, which is at the summit The 5 ambulacial aieas aie 
submerged a little below the level of the chief body plates in such a 
fashion as to give tlie entire body a superficial lesemblance to a flower 
bud in which the sepals are just beginning to part 
Blastoids arc all extinct and are known only fiom Paleozoic locks 
They were very abundant during only one geologic pciiocl, namely, the 
Mississippian 

Cystoids. The cystoids (Gr cystts, bladclei) aie piimitivc ccliino- 
deims with globular or almond-shaped bodies but differ fioin both 
cnnoids and blastoids in that their plates aic irrcgulaily arranged, so 
that the body shows no definite symmetiy (Fig 344) They are 
extiemcly varied in details Some had arms, and others had none; 
many were stalked, but some apparently were attached directly to 
the sea floor or were free They were the most piiinitive echinodeims 

Phylum Mollusca 

This great phylum includes the clams, the snails, the devilfish, the 
squids, the pearly nautilus, and the extinct ammonites These com¬ 
monly possess solid, limy, external shells, and they are generally 
known as “shellfish.” The phylum is an enormous one, with prob¬ 
ably no fewer than 50,000 species now living 

Pelecypods (Clams) A typical clam has a laterally compressed 
body encased in a bivalved shell, the two halves of which he on the 
aides of the body and are hxnyed along its back 
The body is generally elongated, and the mouth is at the front end, 
but there IS no distinctly marked head Lining each valve tlieic is a 
thin, fleshy extension of the body wall, the mantle, which hangs freely 
about the body like a loose garment The most conspicuous organs 
are the great gills, which hang as a double pair of thin plates between 
the mantle and the sides of the body 
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The shell (Fig 3'15J is opened by an cluslic ligament at the hingc- 
liiie, which IS placed uiidei tension (oi in some eases under coinincs- 

sitm) when the valves aie closed 
The shell (d most ehiins is closed 
by a pail of heavy tiansveisc 
imiheles winch run through the 
aiiiniars Imdy liom side to side 
Noimally one muscle is near the 
lioiit, and tlie other near the 
liaek end 

The typical clam is free to 
eiee)) slowly about by thrusting 
out the vential edge of ils inuscuhu body vail, which selves to draw 
the animal along Secondarily, many cbiius have given up this ficc- 
dom and ho on one side and ad¬ 
here to the bottom, as does the 
oystci, or attach themselves to 
the locks by silken thieads, as 
does the blue clam Still others 
buiiuw in the mud oi' e\en in 
haul rock. 

The clam sliell, like that of all 
other molluscs, consists of tliiee 
layers The outer one is a film 
of 01 game material to protect 
the limy part of the shell from 
solution The second layci is of 
calcitc and commonly has a 
white, porcchiin-likc aiipearancc, 
while the inner layci is made of 
aragonite oi inotlier-of-pearl and 
has the iridescence of pearl In 
fact, the ])rcciuus peail is a 
secretion louiied beivveen the 
mantle and the shell, usually in 
an attempt by the animal to jiui- 
tect itself against a paiasile or 
otiici iintant 

Gastropods (Snails). Though 
fundaiiientally like the clam in many of its anatomical stiuctuies, the 
snail is in seveial ways inoie highly specialized It has an elongate 
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fool- 
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I'’k, M() Gdstiopods Uppoi iiglit, 

empty slioll witli hunt side of hpuo cut away, 
iippoi Ion, anotluM slicll wiili the hiuuI (i<lwI- 
iiiK upwaid oil llio pa^e, the liead, with eves* 
and tentacle'i, showing aliove the wlioll, 
below, a (oimiioii laud nnail in ciawliiig pasi- 
tioii with cieopiug “foot'' extended aii<l shell 
coded ovGi tlie ba(k Aftei llatsc hek and 
CVni 



Fig 345 Pclecypod shell The connuoii 
nvoi clam, Aywdotita, hcon fioin Iho left side 
and fioni the poslciioi end 
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mu&cular body with a distinct head bearing a pair of eyes and a pair of 
tentacles oi feclcis Its mouth is piovided with a flexible rasping 
tongue wheicby it ran slued either plant oi uniinal food, it is theieforc 
not dependent on inicio.scopic objects As a result its gills aie small 
and pluniehke, since they arc used only for rcspnalion Internal or¬ 
gans lesemble those of the clam in 






most le&pccts 

The shell oj the snail is roiled 
spindly and consists of a sinqle 
valve As in the clam, the shell is 
secieted by a mantle, so that the 
body may be measuiably fiee 

When distuibed, the snail can 
withdraw comiilctely into its shell, 
but noriunlly it extends must ol its 
body and riccps about, caiiymg 
the shell upon its back (Fig 346) 

The vential siutaee of the body 
has develoiu'd into a muscular 
cicc'ping sole, ulieiicc the gioup is 
known technically as the (tas- 
tiopodn (Gi ijasiei, stomach, -f 
poLis, loot) 

Most commonly the gastiopod 
shell IS coiled in a liehcoid (coik- 
scrcw-likc) spnal, but many fos¬ 
sil foims arc bilaterally syiumctri- 
cal like a watch spiing Rapidly 
expanding shells have few volu¬ 
tions, but slmvly expanding ones commonly have high slcndei spires 
The shell may be oinamentcd with sjunes, iibs, or nodes 

Cephalopods The squids and devilfish lepicsent a class of mol¬ 
luscs that has been abundant and imjioitant in all the seas since eaily 
Paleozoic time Unlike the sluggish snails and clams, they arc active, 
alert, and iiggicssivc With their keen eyesight and stiong poweis 
of swimming, they alone of all invertebrates aie able to compete 
actively wilh the vertebrate animals of the seas The living giant 
squid IS the laigcst invcitcbratc animal of all time 

Tlio name ccpluilopod (Gi cephale, head, -f pous, limb or foot) 
was suggested by the fact that all members of the class bear a circlet 
of fleshy limbs about the mouth, which is at the fiont of the head 


Fn. 347 C'eplidlopods Thu pe'ulj 
nautilus m its shell The lower shell is iii- 
tacl, but the uppoi one has the left side cut 
a\vH\ to levoiil the hollow Lhambeis aepa- 
lated by ciiived septa and connected by the 
tnbuhu bipluiiide 
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The squid and devilfish are shell-lcss, but the pearly nautilus (Eig 
347) bears an external chambered shell, as did a liost cif lorins known 
only as fossils Hcic, then, are Iniiin examples ot the two g,icat 
subclasses of ccplialoiiods The fiist is lepiesented Iiv the sfiuids, 
w'hosc only shell is vesligial and iiiteiiial, tlie .second by the luiulilus 
with its extcinal, chambered shell Obviously the shelled ei'iihaloiinds 
are of ciiief iiiteie.st to the geologist, since they alone aie oidiiiaiily 
preserved as fossils 

The ccplialopod shell has essenl.ially the fonn ol a slender coiu', 
which may be .straight or coiled (Tig 10(5, ji 177) If coiled, it is 
almost invariably in a flat sinial like a waleh spimg The aniinars 
body occupies only the huger end of the slicll, the lest having been 
paititioned off into a scries of ehauibeis by Iransveme ]ihites known 
as septa In the living nautilus (and inesumablv m extinct types) 
the ehambois aic filled with gas and thus .sciye to buoy ii]) the animal 
and its shell 

The chambers represent siiecessivc pni lions of Ihc shtdl tliat were 
vacated as the glowing body moved forwaid, and the pailitions or 
septa arc walls secietcd against the bluntly loiinded iiosleiior end of 
the body to give it suppoib alter ihe animal has moved lorwaid 
These partitions aie attached to the inner mu lace ol ihe shell, and 
the line of junction is known as a snhire The lonn of the sutures 
and the course winch they lake in the shell me ol great nniiorianco in 
the classification of the eeplialopods Since the sejita are foimcd 
within the shell, the sutwe is not uisible eiteniaihi, but in fossil forms 
where the chambers have been solidlij filled with mineial 'iiiaite'i and 
the outer shell then dissolved away, the sutinos show clcarhj as shaip 
lines on the fossil (Tig 106) The animal lelams eomiccLion with the 
abandoned ehambcis by a slcndci tube, the siphnncle, which runs 
back through all the septa Sepia and a siphnncle aie absolutely dis¬ 
tinctive features of the cephalopod shell and serve to distinguish it 
readily fiom that of the snail 

Nearly all the piimitivc eeplialopods had straight .shells (Tig 104, 
p 174), which, to an animal swimming baekwmrd, piesentcd obvious 
disadvantages Curved, loosely coiled, and tightly coiled shells wcie 
developed m eider, and ihe foims with stiaigliL ones eventually be¬ 
came extinct Besides being compact, the eoiletl shell brings the sup¬ 
porting gas chambcis directly above the centci of gravity, so that 
the animal can float at ease in the ■water 

Nauhloids The shelled eeplialopods aic fuitlici divisililc into twm 
great orders In the fiist the septa wcic simple, sauccr-shapod plates 
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secreted against the smoothly rounded posteiior end of the animal’s 
body In these, of couise, the sutures run diiectly aiound the shell as 
simple lines without maikcd flexuics (Fig 106), as m the nautilus 
(Fig 347) This Older has been named, aceoidingly, the Nautiloidea 
The pearly nautilus is their only living lepiescntative 

Ammonites The amnionitos, cousins of the nautiloids, also bore 
chanibcied shells, hut in these the septa 'vvere fluted oi ruffled near 
then edges, and as a result the sutuics foim stiongly eicnate lines 
aiound the shell In the caihest ammonites the fluting of the septa 
was very slight, and each sutme showed only a few simple bends 
(PI 8, figs 9, 12), but giadually the fluting became highly complex, 
and the sutiiie lines accordingly assumed a complicated foim (PI 14, 
fig 11) 

Belemmtes The belcmnites (Fig 228, p 357) weic squidhke 
ce])haloi)ods that lived only duiing the Mesozoic They jiossessed a 
conical ohambcicd shell like that of a piimitive stiaight-shelled nauti- 
loid, but it was mteinal, having been oveigiown completely by flesh 
(PI 14, fig 8) 

Squids aie closely iclated to the belcmnites, but in the former the 
shell (also internal) is reduced to a mere vestige (the “pen”) 

Pbyhin Atthiopoda 

The insects lepioscnt a ])hylum of animals charactciized by jointed 
walking legs, whence the name Aithopoda (Gr mthion, joint) Othei 
examples arc the spideis, scorpion,s, lobslcis, and ciabs, and some mi- 
poitant fossil gioups such as the trilobites and cuiypteiids All these 
have scgiiieiited bodies and jointed liinhs Then bodies aic protected 
by a neatly fitting jointed aimor made of chitin In some, like the 
lobster and ciab, this skeleton is sticngthcned by the addition of cal¬ 
cium carbonate Tins is undoubtedly tlie largest and most diveisified 
phylum in the animal kingdom 

Insecta. The insect possesses an elongate, bilateially symmetrical 
body distinctly divided into head, tlioiax, and abdomen The sharp 
constiiction separating thorax and abdomen, as m the wasp, has sug¬ 
gested the gump name (Lat insecLus, cut into) The abdomen is 
without limbs, but the tlioiax beais three pairs of walking legs and 
commonly two pans (in one older, one pair) of wings The head 
bears a pair of compound eyes and a pan of slender feelers or an- 
tennee The mouth is provided with specialized biting or sucking de¬ 
vices Tlic physical senses arc ratliei highly developed 
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IiisecLa aie tou L-iisily (k'htroywl lo be eoiiinuinly ]neserved as fos¬ 
sils, but locally they arc louiid as fui back as the laic Paleozoic (Fig 
192,p 302) 

Crustacea The lobster aiul ciab iciacseiii anothei great class ol 
the arilunpofls, but, unlike the lusecls, these, and neaily all then km, 
live in the wuiter and breathe by means oC gills The iiaiiie ('nistacra 
(Lat cruKta, cnist) relors to Iheir haid, eiiistlike ai'inoi, but it must 
be confessed that iiiaiiv examples of lh(‘ class do not have a hard 
shell 

Ill most C'riihtacca each oi tlie segments ol liotli thorax and abdomen 
bears a iiair of jointed apjiendages (m .some foinis, jiait oi all of the 
abduiiiinal segments lack ajipendages) Conminnlv tliose on tliC' thm'ax 
aie walking logs (as in the lobster), and those on tlie abdomen aie foi 
swimming, but m many ol the prmiitue ('nislacea all the limbs are 
flattened swimniing paddles The gills are generally jilumose and aic 
attached to the logs 

Arachnoidea. Sinders and scorpions belong lo a class of aithro- 
pods known as the Arachnoidea (Oi (uadincx, spidcil The head 
of a spidci IS fused to the thoiax to fotm a eeplialollioi ax, ivliich is 
separated from the abdomen by ii deep eoiislnrlion and lieais foin 
pahs of walking legs Tlie abdomen is nol s(‘gnu'nled I'Ih' head 
bears several simjile eyes but nothing like the eompoimd eyes of tlie 
insect Also it does not bear antenna* The nhililv In spin a weh 
IS a cliaiactciistic fcatuio of (he spidi'i Spidi'is, being soll-boilied, 
are laicly picserved as lossiLs, Imt speeiinens fnnnd m the Tjo\\*ci 
Devonian locks of Scotland nre among the most ancient veecnds of 
land animals 

The eio t/pfeuds or "sea scuipious” (Figs 122,123, pp 191,200) were 
a reiiiaikable lace of large aquatic aiachnids closely vescmhling the 
scoipiona in bodily foiin Indeed, they were almost certainly the 
direct ancestois of the scorpions The curypterids wcie confined to the 
■water, and chiefly inaiiiic wateis, and then limb.s vveic laiitially iiindi- 
ficcl into swimming jiaddles They were iclalivcly large, the avciagc 
length being several inches One form, Pteiygotnn, from the Riluiian 
rocks of New Yoik State, had a length of about 9 leet and ranks as 
the laigesfc aitliroiiod of all time The enrypLerids are eonnnon ami 
stiildng fossils in certain middle PaleoKoie foimations, IniL tlie lacc 
died out before the close of the Paleozoic cia 

Trilobites (pioiiounced in'ld bite) foimcd a primitive but exceed¬ 
ingly important group of aiachnids winch is now extinct and is known 
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unly as fossils from the Paleozoic locks In these the body was de- 
piesscd and distinctly divisible into head, thoiax, and tail (Fig 82, 
p 143) Head and tail weie each covered by an unsegmented shield, 
but the thorax was jointed The entire body was longitudinally tii- 
lobed by icason of a pair of grooves that sepaiated a rounded central 
axis fiom the latcial ureas This tnlobation is at once the most dis¬ 
tinctive jeatwe of the group and the one which gave it the name 
Ti ilobiia ^ 

The tiilobites usually possessed a pan of compound eyes and a pair 
of antenna; or feelers Each body segment bore a pair of legs, and 
these wcie essentially alike fiom head to tail Each leg consisted of 
two branches, the lower one of which was a jointed Innb for ciawling, 
while the upper and outer bi'anch was a delicate, fcatlier-like stiucture, 
commonly legarded as a gill 

Phylum Veitehrata 

The most advanced of all animals aic those possessing a vertebral 
column 01 backbone So important is this phylum that it is often 
contiastcd with all the othci animals, which arc known collectively as 
inveitebuiles The vertebrates arc chaiacLeiizcd by the highly organ¬ 
ized chai actor of their ncivous system, with the spinal cord running 
along the doisal side of the body, and by many other iinpoitant 
details, but the possession oj a bad bone is the most obvious and dis¬ 
tinctive character There arc eight distinct classes, as follows: jishes 
(four classes), amphibians, leptiles, birds, and maininals 

Fishes. Fishes aie piimitively aquatic, cold-blooded veitebrates 
that breathe by means of gills Most of them possess paired lateral 
fins as well as a tail fin 

This IS an enoimous and highly divei sided gioup with a long geo¬ 
logic iccord and, although commonly treated as a single class, is now 
subdivided into four distinct classes Many are scaled, but seveial 
of the extinct groups bore an aiinor of bony plates and some (for 
example, the catfish) aic not piotectcd by either scales or bone The 
skeleton is made of bone in the majority of modern fishes, but in most 
of the early groups it consisted of cartilage, as in the modem shaiks 
and sturgeon 

It IS important to distinguish between the fishes, which are primi¬ 
tively adapted to life in the water and bieathe by means of giUs, 
and, on the other hand, certain fishlike animals that have returned 
from the land to become secondarily adapted to the water Among 
the latter are whales, porpoises, and seals, and certain extinct reptiles 
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(ichthyosauiH, plebiu&aius, and iiiohUbauiK) Tlu'sc .sccdiidanly acpia- 
tic animals brcailia cmly by means of Iuiiks and mnst, enmci to the 
surtaco for an They luiunc fish Imi aic not elosely related to them 
Amphibia. The frogs and snlamandeis eon.stilnte a elass of vcrtc- 
bvatch that arc only iiartndly adupUsl to hie on the land and have 
many featuics to remind ns ol a lishlikc' aneeslry Indeed, they arc 
certainly the most primitive elans ol land verlehi all's, and thi-y clearly 
evolved from lislies The salamander is a ty])ieal lepresentativc of 



the class (the fiog being a modem and extienii'lv s])eeialized lomi) 
Because its mcinbeis live jinitly in water and paitly on land, the class 
has received the name Amphibia (fir (Diiphi, on both sides, + bios, 
life) The metamoiphosis jwm av aquatic youth {tadpole) to a tei- 
restnal adult lije distinguidies aiiiplubians jiotu all othei laud nnimah 
(Fig 35, p 61) 

Reptiles The icptiles constitute a vciy laigc class of vertebrates 
and one that for long geologic ages completely doniinatcd the Eaitli 
The group includes the alligators (Fig 348), ciocodiles, lizards, tuiLlcs, 
and snakes, and the extinct dinosaurs and pteiosaiiis The ciocodilc 
IS a very typical icptilc 

Reptiles arc cold-blooded, cgg-laying uiunuils In shape, many of 
them closely icsciiiblc an ampliibian, but they all dilfor fiom the am¬ 
phibians in the way the young develop '^Phe re)itilc lays its eggs on 
the land, that is, out of the water These arc piovided with stored-up 
food in the foira ol yolk so that the young can develop fully enough 
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to crawl about and caic for themselves immediately upon hatching 
Jn othei woidsj the leptilcs aic completely adapted for terrestrial 
life 

Although united liy such featuies as their cold blood, their cgg-lay- 
ing habit, and various details of skeletal structure, the many diffeient 
stocks of rcptik's specialized greatly, some letuined secondarily to 
aquatic hie, and one gioup, the extinct pteiosauis, had wings 
Birds. The lurds constitute a very well-defined class of vertebrates 
characteiized by the piesence of feathers and warm blood and by the 
egg-laying habit In them the fiont limbs are specialized as wings 
The buds diveiged fioni one gioup of reptiles at about the same time 
the mammals weic developing fiom another 

Mammals. The mammals arc warm-blooded They bring forth 
their young alive and nourish them with milk All of them heai 
hair, though in some, as the whale and the elephant, the haii is almost 
lost tliiough specialization They constitute the dominant gioup of 
land anunals of the Cenozoic and modern worlds, and some (seals, 
poipoises, and whales) have secondarily returned to the sea 

One small alicirant group, the monotremes, lays eggs Two living 
genera are believed to represent an ancient, primitive stock of the 
mammals, but no paleontological record of this group is known 
The mammals did not appear on the Earth until Mesozoic time, and 
there is clear evidence that the ancestial types descended from one 
of the primitive groups of reptiles 

Plants 

A Simple Classificwon op tub Punt Kingdom (AirrBR Beiiky, 1920) 

Phylum Thallophyta—bncleua, fungi, seaweetlt,, etc 
Phylum Bryophyta—moss plants 
Phylum Pteridophyta—feins 

Phylum Arthrophyta—scounng iusIiph, calamitei>, spheiiophylli. 

Phylum Lepidophyta—club mosses, “(;iound pine,” lepidodendions, siQillaiia'< 

Phylum Plendospermophyta—seed /ci(is 

Phylum Cycadophyta—cvuulh, willunmonwlla^, cycudcoidi> 

Phylum Coniferophyta (gymno.spciins)— coidailos, pmes, sequoias, gingkos 
Phylum Angiospermophyta—floweiing and fiuitmg plants, hardwood tieos, etc 

Phylum Thallophyta 

Plants of simple structure, such as bacteria, fungi, and seaweeds, aie 
embraced for convenience in a single phylum, the Thallophyta (Gi 
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thallos, young shoot, + phijton, plant), so naiiu'd bccauhc of their 
soft, nonwoody nature Tlic hnet&m me single-cellod, uucroscopic, 
and soft-tissued Duiinnif; aie af|uatic jdants, likewise .single-ccllcd 
and luicroseopie, -wlnrh live in vast nunibcis near Ihe suifaeo of the 
seas and lakes and form one of the eliief sourets nl food for all the 
maiinc aiiinialh They faccrctc dclicale siheeou.s sliells wlueh aeeinnu- 
late over large areas of the modern oeeaii lloor U'' dinfnm oo'.a 



Yale Peabadv Mwicum 


Fig 849 Cdloaieoii^ ulgiu A “>vatoi bisnnl” fiorii the bed of Little CV)uentoKii Cieck, 
iicai PliiladolpliuL, PenH^ylviiiiuv Loft, oxtonial view of the (olom, iiKht, ti median 
jiection BhowinK t[\Q eoncontnc lamina' of algal ^Icposii ahont un angnliu pohlilo Slightly 
less than natural size 


Plants piobably evolved in the walei and developed there foi long 
ages befoic they eould adjust themselves to the conditions upon the 
land Tins is inferred, at least, fioin the fact fdiai neaily all the 
thallophytcs are still aquatic plants Some of the seaw'eeds attain 
a length of 100 feet, but, legaidless ot size, these ])lanLs have no 
vroody tissue and no ciiculatoiy system, for they lack the vascular 
tissue that servos to conduct the saji in higher plants and at the 
same time foinis woody growth It is foi this reason that they can 
not successfully leave the water All those lorius that do live on land, 
such as fungi and hchons, aic small, and gunv only Avhcie theie is 
ennsidcrablc irioistiiie All the thallophytcs have a simple system of 
leproduction by moans of spores 
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Most of the thallophyte.s arc poorly adapted for preservation as fos¬ 
sils A number of types ot the alga?, liowevci, cause the pieeipitation 
of calcium cai bonaie, which settles over them to form a limy deposit 
Figure 349 slunvs such a deposit (a “watci biscuit”) formed by a 
niold-hke colony of niicioscopic hlue-grccn algai that covered a pebble 
in a sticain bed The deposit has a finely laminated texture due to 
the addition of coiicontnc films of the calcium carbonate Similar 
limy (leposii,s (Figs 71, 72, pp. 124, 125) occur in rocks of all ages as 
far back as the Arclicozoic, and include tlic very earliest direct evi¬ 
dence of life on the Earth 

The calcareous algm ])lay a vciy important role m the foimation 
of inodern “coral lecis,” eoinnionly depositing as much as 25 pei cent 

^ Phyktm Bi t/oyhyta 

This small phylum, including the mosses and livciworts, lepicsents 
the simplest stage of adaiilnlion to land life Like the thallophytes, 
these plants lack vasouUu tissue, hence icinain very small and thrive 
only in moist places Almost nothing is known of tliein as fossils 

Phylum Ptendophyta 

The gicat tube ol the leriis coiistiiiites the phylinii Ptendophyta 
(Gi pterin, fein) They are (.lie simiilcst ol plants to be well adapted 
to land hie They have' wcll-dc\ eloped vascular tissue and are dif¬ 
ferentiated inio roots, stem, and leaves Wheicas many of the ferns 
arc small and heihaeeous, the tieo foins ot the tropics have woody 
tiunkb and cmmnonly I'cacli a height of 20 to 50 feet, bearing a crown 
of laigc fiunds Ferns aie distinguished above all else by the fact 
tliat they lepioduie by meam oj spores home on Ihe under sides oj 
the leaves o? on slightly modified leaves, nevei in cones 

Feins aie among the oldest fossil land plants known, being recorded 
fiist m the Lower Devonian locks They have been a prolific tube 
in all subsequent ages 

Phylum Ai thi'ophyta 

The bcouiiiig lushes and their kind constitute a well-defined tube 
chaiactciizcd by legulaily jointed stems, whence the name (Gr ar- 
thon, joint). The existing liorsetail or scouring rush (Equisetum) 
grows aliuiulaiitly m moist places in many parts of the country In 
all the aithrophytcs the stem has only a thm cylinder of woody tissue 
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aiouncl a laige center of pith Rcprotluction is by means of spores 
which arc borne in strobili (cones) at the tops of the steins. 

Modem arthrophytea arc mostly small, and the race is decadent, 
having passed its climax in the late Paleozoic, when giant scouring 
rushes (calainitcs) grew to the height of tiees and had sicnis as much 
as 12 inches in diameter (Figs 1(15, KiO, p|i 2fiS, 2 ( 19 ) 

Phylum Lepidophyta 

The scale trees oi lcpidophyte.s (Gr lepis, scale) constitute another 
well-defined tube of plants that occupy a humble place in the modem 
woild but weic vciy impoitant in the Paleozoic, foiests (Figs 165, 
166, pp 268, 269) The giound pines oi club mosses are modem 
examples Like the aithiophytes, these plants bear spoies in strobili 
at or near the tips of the stems 

Many of the Paleozoic species attained the size of forest tiecs In 
these the leaves, when shed, left prominent scans reguhuly sjiaced over 
the balk of the tiunk and limbs (Fig 167, ]) 270) The name lepido- 
phyte refers to these characteristic markings 

Plnjhim Pte) idos 2 }erinophyt(i 

The oldest and most primitive seed-bcarmg planls wcic fcinhko in 
everything but then fiuit, whence the name ((h fein, -|- 

speima, seed) Tliey arc commonly known as seed ferns 

The distinction between the siioie-beanng and sec'd-beaiing plants 
is comparable to that lietvveen the egg-laying and the viviparous ani¬ 
mal, both in its nature and in its significance. The egg is a simple 
cell, deposited to hatch into an cmliryo that must look out for itself 
at a vciy immature stage of its development, the spore, likewise, is 
a single cell cast ficc to genciatc and grow as best it can On the 
other hand, the vivipaious animal ictains the egg in the yiothcr’s 
body until it has developed into an cinbiyo of considerable complexity 
before biitli liberates it to shift foi itsclt Similarly, the seed is an 
cmbiyo plant foimed aftci the fertilization of the ovum, wllfch is le- 
tained and nourished by the inothei plant until considerable size has 
been attained and food is stored up to give the new ]ilant a good start 
m life The development of seed is a vciy considciablc siiecialization 
That it was an obvious advantage is suggested liy the dominance of 
seed-bearing plants on the modern lands 

The seed ferns weic common from the late Devonian to the end of 
the Paleozoic, when they died out, having given rise meanwhile to 
other phyla of secd-beaimg plants 
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Phylum Cycadophyta 

The living &ago palms or cycacls icprescnt an extensive tribe, mostly 
extinct, which has particular mtcicst as the probable connecting link 
between the seed ienis and all higher plants, especially the tiuc flower¬ 
ing plants (aiigiosperuis) It is a gieat phylum, divisible into two 
well-marked ordois, the one {Cycadenidea) entiicly extinct, and the 
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I'm 350 Sterna, foliiigc, and flowois of the cypacleoid, TfTZhaiTwonia Lower .Turassio of 

Mexico Nutuial bizo 

othei (Cycnd(dcs\ repicsentcd by the modem cycads The cycads 
(Fig 217, p 347) possess shoit trunks and large pinnate leaves, and 
beai seeds in loose cones The tiuiik is heavily armored with per¬ 
sistent Imf liases 

The cycadcoids (of late Palcosnoic and Mesozoic age) bore con¬ 
spicuous flowers They wcic of two chief types, one stocky, like the 
modern cycads, and ihc other slender and branching The branched 
cycadcoids aic of the grcatci intciesl fiom the evolutionary point of 
view They possessed rather slender stems beaimg flowers at forks 
(Fig 350) It IS believed that these plants developed fiom seed ferns 
and on the one hand evolved into the tliick-bodicd cycadeoids and on 
the other wore at least closely allied to the early angiosperms This 
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gioup of cycadophytcs is abundiiutly rcpvoscnled m the Tnassic and 
Juiassic and probably was ])i’cscnt m the late Paleozoic. 

Phi/hun Conijeiophyta 

The conifeis constitute another gieiit tribe of rat,her primitive seed 
plants cluiractenzed by the development of cones and, generally, by 
CYCi green foliage. The leaves are as a lule ncedle-like oi straphke 
and have parallel veins. There arc several oidcis The pines aic 
typical 

The oldest gioup ot conifers is the conlaites, which wcic common 
in the fore.sts from Devonian to Permian time Unlike the later 
conifers, they had large, straphke leaves, and their seeds were loosely 
arranged in raceme,s instead of cones 

Other groups, including the pines, arancaiians, and gingkos, are 
known throughout Ihe Mesozoic and later periods 

Phylum Angmpeimophyta 

The most advanced of all plants aic the hardwood tices and the true 
howoring plants, included m Ihc phylum Angiosperm()]iliyta, of which 
at least 125,000 kinds have been dcsciibed They are all, of course, 
secd-bcaiing, but show a gicat advance over the other sccd-bcaimg 
phyla in that ilioir seeds are proieclcd in a clo.sed caiisulc or ovary 
For this reason they arc known as angiosperms (covered seed) in con¬ 
tradistinction to the gymnospciins (naked .seed), which iiichide the 
seed ferns, conifeis, and cycads. 

The angiospeims are commonly charactciizcd as the {lov^emq plants, 
but this is hardly justified, since even the conifers and eycaclophyics 
have flowers of a sort, and many of the latter had huge and compli¬ 
cated flowers probably rivaling in size and brilliance the best of the 
angiosperms 

The angiosperms are first identified in the Lower Cietaccous locks, 
where the charactciistic net-vcincd leaims of deciduous trees make 
their appearance 
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Appendix B 


CORRELATION TABLES 

The following tables indicate the age icUitions of selected rock 
foiIllations Horizontal linos inaik beds of equivalent age The space 
allotted to a lock unit indicates the relative time it repiesents, and has 
little 1 elation to actual thickness Vertical shading indicates a hiatus 
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Tabll! 4 Devonian Fut inations 
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Table 10 Cictaooous Founations 
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TiiasMC, 329, 330', 331 
Cpiatopsuiiis, 52, 382'=, 384, 386’' 

Ceieals, 381, 492 
Cliahcotlipies, 171 487', 488 
Cliiimbei hn, T C , 78, 80-83 
Cfliamids, 393 

Cliaiiiplainiaii senes, 17, 157, 165-167, 

171, 172, 173, 177, 179, sec aho 
Middle OidoMcian 

Chaltunoogii sliiilc, 239 
Chazvan gu)u)i, 107 
C'lielloun Mage. 499', 501, 509 
Chemung lime, 201’'', 206-* 

Clic'slei sc'iu's, 232', 240, 242 

Clue o foim.ilion, 377 

Clima, lossil man, 507-.509, 512' 

Inssil ininudes, 481 
PH'-Cambiiaii glaeiidiou, 122 
Timssk, 327, 328 
Chmie senes, 317, 318, 323', 324 
Chilin, m shells, 150, 537 
Choamt-hUiyos, 20-', 223, 225 
Choukoulicman stage, 504 
Chioinospheio, 71 
Chugwaloi foiinalion, 296 
Chuska Mountains, section tliiough, 
420+ 

Cincinnati auli, 156-157, 187, 191, 211, 
236, 258 

Cincinnatian senes, 17, 157, 167-108, 

172, 173, 177, sec aho Uppei Oi- 
dovician 

Cisco gioup, 289 
Clue Ionian stage, 504 
Clams, 20', 522, 533-534 
Cietaceous, 300', 302', 393, 394 
Devonian, 209 
fresh-watei, 317, 325, 342 
Jiuassic, 340, 343 
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Clams, Missi&sippian, 247 
OidovKitiii, 172, 179 
Pennsvlvanian, 272 
Siluiun, 191, 198 
Tiiassic, 331 
Classes, 521 

Climate, see Camhnan penod, Oiclovi- 
eian pciiod, ele 
Clinch toimation, 188 
Clmloii gioup, I8S', 190', 192, 196 
Clovcily foimatiou, 367 
Coal, Cenozoic, 376, 377, 411, 433 
Cictaeoous, 363, 371, 375, 377-378 
Juiassic, 344, 345 
Ppnusylv.inain, 249-251, 256-265 
Pcimic'in, 281, 297 
Tiiassu, 315, 321 
Coast Rango bathohth, 336 
Coast Rttugoa, 416-'', 422, 423, 425 
Cobalt, 118 
mining distiut, 117 
time, 114 

Coconino sandsLune, 212', 294, 295' 
Coilontei.iles, 57'*', 145, 522, s(c also 
Coi ils, Giaptolitcs, Hyihoids 
Coffee sand, 18 
Collnwi bed, 98'', 124''' 

Coloiado, Mountains, 234, 250*, 253- 
264, 283, 293, 316, 318, 339, 362 
Plateau, 316-318, 337-340 , 365, 416, 
417, 418-421, 428 
Coloiadoan time, 361, 362, 374 
Columbia Plateau, 421-422 
Columbian Sea, 310*, 319, 335, 336 
Columnai' sections, 7 
Comanche senes, 371-373 
Comets, 74^75, 82 
Communal life, 515 

Compaiaiive anatomy, and evolulioli, 
59-61 

Comstoik Lode, 433 
Condslailhs, 460', 464, 466 , 486, 487 
Conilcis, 20-', 300, 301, 318, 323, 324, 
345, 346*, 380, 541, 546 
C'omiei lieiit Tiias.sic tiough, 312-314 
Continental diift, theoiy of, 307-308 
Copley foimation, 186 
Coppei, 110, 114, 116, 117, 118, 378, 433, 
500 


Copiohtcs, 39 
Coiiil leefs, 50, 527 
Cl etaeeoiis, 378 
Devoiii 111 , 208, 211, 217, 218 
.Tuiassic, 344, 353, 356 
Oidovician. 162 
Pennsylvanian, 265, 266" 

Siluiian, 191, 192-193, 194 
Tiuisaic, 322, 331 

Coials, 20*, 50, 522, 525, 526-527 
Cielaccous, 393 
Devonian, 208, 218, 220* 

Juiassic, 344, 353, 356 
Missussippian, 243, 245, 216 
Oidovuiaii, 168, 172, 173, 170*, 177 
Pennsjlvnnian, 265, 27.5*, 276 
Pci mi m, 282, 304 
.Silnuan, 191, 193, 194, 197*, 198 
Tiiassic, 322 331 

Coulailcs, 20*, 265, 268*, 269*, 270, 
279 299, 300, 326, 541, 546 
Coidilleian, geosvucline, 128-130 

Cambium, 130, 131, 133, 135-138, 
151 

Devonian, 203, 204*. 212-213 
Juuissic, 334'' 

Miasissippian, 232-234, 241—242 
Ordovician, 154*, 164, 168 
Pennsylvanian, 249, 250*, 269 
Peimian, 2S5, 293 
Glacier Complex, 439*, 440 
legion, Cenozoic, 416-422 
Peimian, 285, 293-296 
Tua,ssi(, 316-318 
Conelation, 9-12 
Cosmopolitan, climates, 194 
faunas, 152 
floias, 346 
Cotvlosauis, 20* 

Coutehichmg time, 114 
Cow Head breccia, Newfoundland, 159* 
Ciabs, 353, 393, 522, 538 
Cialcis of the Moon National Paik, 
422 

Cieodonts, 460*, 466, 477*, 478, 486, 4S7 
Ciepiceplmlu&, 134 
Cicsted Butte coal field, 377 
Cietaccous period, 6, 20*, 359-394 
climate, 378-379 
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Cietaceous peiiod, clivisions, 301 
economic losouicos, 377-378 
life, 379-394 
oiogcny, IQ'', 363-3GS 
pliysiciil lii&toiy tiiid paloogcoguipliv, 
361-368 

stiatigiaijliy, 368-377 
volotinism, 363, 3G6, 3bS, 377 
Cl molds, 20<, 50, 522, 530, 532 
Devonifin, 218'-, 219, 222 
Juiassie, 353 

Mississippian, 243, 214-'', 245 
Oidovicmn, 172, 173, 176", 177 
Pennsylvanian, 276 
Peimian, 304 
Siliinnn, 197+, 198 

Ciocodilos, 20-I, 51, 342 , 350, 369, 385, 
494, 522, 540 

Cioixian seiiea, 133, 134"“, 139, s<( aha 
Uppei Cambiian 
Cio-Magnon man, 504, 512-514 
Ciomei llinlb, 506 
C 20 ,ssbills, adaptations in, 66-07 
Ciossopleiygu, 224''', 225, 227", 228 
Ciustacoaiih, 57"-, 148", 330*, 353, 350*, 
357, 638 

Ciyptolithus, 178*, 179 
Ciyptozoic eon, 17, 20*, 91-127 
Ciyptozoon, 144, 146*, 164, 166*, 172 
Cycadeoids, 300, 323, 324', 345, 34G, 
347, 641, 645 
Cycadophyles, 541, 545 
Cycads, 20*, 323, 324, 346, 347, 353*, 
379, 431, 541, 545 
Cystoids, 20*, 622, 530, 532*, 533 
Cambiian, 146 
Oidovieian, 176*, 177 
Siluiian, 197*, 198 

Dakota sandstone, 18, 360", 373', 374, 
376* 

Dead seas, Pcimian, 283, 284, 292, 
297 

Sihinan, 194r-195 
DeopkiJJ shale, 163 
Decipiukiiin stage, 207 
DeGeei, G, and van cd clays, 448-450 
Delawaze, basin, 283, 281*, 291, 292 
Mountain gioup, 282", 291, 292* 


Depirssions, caused by ice load, 452-453 
DesoiL dcpoHilh, and lossils, 45 
Desoits, 193-195, 296-297, 321, 335, 344, 
.srp also Aiidity 
Dosmoincsi.in time, 250'’ 

Devonian iienotl, 17, 20', 29', 202-230 
(limaif, 217-21,8 
life, 218-230 

of Euiopo, 202, 214-215 
oiogcny, 20', 203-205, 215-216 
phv.si<al liLsloiv and paleogeogiaphy, 
203, 206, 216-217 
stiatiRiaphy, 206-213 
volcanism, 205-206, 216 
Dewey L.dce ledbods, 292 
Diasliophism, 13-14 
Diatomaccoiis eailh, 434 
Di.itoins, 542 
Diktloa p/in/us, 141*, 151 
Diuk liodon, 3U0^ 303'" 

Dini(hlht/s, 223 
Dinosauih, 20 b 37, 522, 540 
CietacpoiH, 369, 371, 375, 376, 382- 
386, 393 

eggs ol, lo, 385'", 386 
JurassK, 335, 338, 311-,343, 341, 346*, 
347-348, 357 

tiacks ol, 39, 40b 313, 314, 327, 338 
Tiiassic, 300, 314, 322, 324*, 326-327 
Dipnoi, 225 

Distillation, m tossils, 36 
Distuibantos, 13, 14, ,scc nfco Tneoman, 
Nevadian, Acadian, etc 
Dogs, 58, 460", 477 b 478, 479, 488, 489 
Domes, Oidov iL'iiui, 156 
Domestiialion ol animals, 515 
Diauiago changes, Pleisloi eiie, 453-451 
Diakcnsbeig voliaiiits, 321 
Diigoiit Cieek ovei lliiusl, 251" 

Dunkud gioup, 280', 281, 286, 301 
Dwyka tilhle, 297, 298'' 

Eailli, ago of, 21-30 
oiigm of, 68-90 
piiinoidial, 87-88 
East Texas oil field, 378 
Echmodoims, 57*, 522, 530-533, see afso 
Cystoids, Eclnnoids, etc 
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Echmodeims, Cambiun, 146 
Missis^ippian, 245 
Oidovician, 176'‘, 177 
Poimian, 282 
Sihiiian, 198 
Eulnnoids, 522, 530, 531 
Crplac'oous, 390’' 

Dp\ Oman, 222 
Juiahfaic, 355''“ 

Mi&sissippian, 245 
Siiuiian, 198 
Ti lassie, 331 

Edgewise conglomeialc, 164, 165'' 
ElcphaiiU, 20-^, 31, 51, 460, 474-477, 488, 
489-490, 492, 503, 515, 516, 517 
ElEwoitliilc, 25 

Eniliiyolugy, and ovolution, 61-63 
lijidocoi ai, 173, 174'“ 
r^neigy ol motion, 88 
Enlelodonts, 473, 487^ 48S 
Eocene epoch, 20'', 29'', 50, 397 
climate, 431 

economic h'souucs, 433 
hlo, 460, 467, 468, 470, 471, 472, 475, 
478, 479, 482, 484, 486-187, 493, 
494-495 

oi Contial Coidilleiau logion, 417 
418, 419 

of Odfaloi'n Noilh Ameuea, 399, 400 
of Pacific bolder, 424, 126 
of Rocky Mountain legion, 409, 411, 
413, 414 

oiogeny, 19'*', 429, 430, 431 
volcanism, 427, 428 
Eolitlnc stage, 498 
Eoliths, 498, 499-*' 

Enzoon caiuidcnse, 124 
Epochs, 17-18 
Bias, 16-17 
Ena land budge, 216 
Erosion, Cenozoic, 402-401, 406-410 
41S-'121, 424 
Juiassic, 333 

Pic-Cambnan, 111-112, 114 
El yaps, 22if, 268-'-, 300^, 302-' 

Faoics changes, 137 
Devonian, 206-211 


Eacics changes, Ordovician, 163-104, 
165-167, 173-175 
Pcimian, 281, 289, 290, 291, 295 
Palls, of St Anthony, 446-448 
of tiiG Ohio, 208 
Pamihcs, 521 

Fault tioughs, Cetiozoic, 423-424 
Tnassic, 311-315 

I'Anlting, 311, 312, 320, 417, 420, see also 
Block laulting and Tlmiat iault- 
ing 

Faunal, i calms, 151-152, 173-176 
siiccossiou, law ol, 7-9 
Faunas, defined, 7 

Feet, mammalian, specialization in, 
462-463 

Fencslclluls, 244’'', 246 
Feins, 20’', 229, 267, 301, 323, 324, 346^ 
541, 543 

Filaments, sohu, 84-86 
Fingei Lakes, ongin ol, 466 
Fishes, 20 L 57L 522, 539 
Cietaieous, 371 

Devonian. 203, 209, 213, 215, 222-226 
Eocene, 35'*' 

Jmasaic, 357 
Missi&sippian, 247 
Oicloviciiin, 171-172, 173' 
Pcnnsylvaman, 274 
Siluiian, 199, 200' 

Ti lassie, 313 
Flattop poneplane, 414“'' 

Flint woikeis, England, 504-505 
Floias, 8, see aho Plants 
coni, 267-271 
cosmopolitan, 271 

Folding, Pcimiau, 281, 285-287, 288, 
289-^, 290+ 

Folsom cultuio, 516-517 
Footpnnts, fossil, 37, 247-248, 313, 314, 
317, 327, 338 

Poiammifeis, 246, 276, 277, 289, 411, 494, 
522, 523. see also Fusulines 
Forests, fossil, Cenozoic, 426’'', 427, 431 
Ciefaceous, 379-381 
Devonian, 228'“, 229 
of Yellowstone Paik, 35, 36*, 44 
Pennaylvanian, 267-271 
Formations, 18 
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EoiL Union fomiation, 376, 377, 410, 411, 
414, 433 

“Fossil contioveisv,” 48-50 
Fossil Foicst National Monument, 
323+, see also Foioats, fossil 
Fossils, 31-50 

as documents ol evolution, 52 
olimatio implicat.ions ot, 51-52 
distoi Lion of, 4G-47 
geogiapliic significance of, 50-51 
guide, 8, 52, 133 
inteipietations of, 47-53 
natuie of, 32-33 
piescivation of, 33-47 
leconsti notion of, 53-55 
Fountain foimation, 259, 373-' 

Fox Hills sandslune, 374', 375, 411’ 
Foxhall flints, 505 
Finnusean sciios, 343 
Fiedeiick, Okla, artifacts, 517 
Flogs, inetamoiphosis ot, Ql* 

Fusulinos, 265, 270, 277', 304, 305', 521 

Galactic system, 76-77 
Galice foimation, 337 
Gainache foimaliou, 189 
Gandumoplcui., 301 
Ganoids, 274 

Gascons hypothesis of Eaith oiigiii, 83- 
89 

Gaspe, Devonian delta, 205 
Oidoviciim, 159, 161 
Siluiian, 185, 189 

Gilstiopods, 522, 534-535, sec also 
Snails 

Cambiian, 145-146 
Cietaccous, 392''', 303 
Devonian, 219, 221 
Juiassic, 353 
Mississippian, 247 
OidoMcinn, 168, 172, 178', 179 
Pennsylvanian, 274 
Permian, 304 
Hihiiian, 191, 198 
Tnassic, 331 
Ocneia, 522 
Geologic, column, 7-12 
time chait, 7, 18-20 


Geosyiichncs, 14, 15", 120, 130, see aho 
Acadian, Appalachian, Coidil- 
leian, etc 

Gmgkos, 345, 381, 541 
Glacial ages, 440-412, 451 
Glaciation, ,scc also Glaoiois .and Til- 
litos 

Pcimian, 207-303 
Ploisloc eno, 436-458 
Pie-Caiulnian, 120-123 
Glacu'i National Pnik, 98’', 99, 100 
124’, 120', 438 

Glacuiis, Cietaccous, 378, 379 
Glass sponges, 115 
Glauconite, 369 

Glen Canvoii gioiip, 337-338, 339 
Glcnoglo foiniation, 164 
Glos\opiiim floia, 300-301, 307 
Glvptodonts, 491, 492, 517 
Gogebic noil oic, 115', 110 
Gold, 114, 118-110, 120, 337, 345, 378 
433 

Goiidwann iiiiid budge, 296, 307-308 
Goniatitc's, 247, 274, 304 
Goinophi/Hum, 194 
Gowg.ind.i tiliitc, 107, 121 
Gland Canvoii, 9-12, 18 
Ceno/oic, 418', 410-421 
Mississippiiiii, 211, 242" 

PcirriMii, 293-290 
Ptc-Canibiiaii, 03-98, 112, 113 
Gland Canyon, dist in banco, 97 
sysloin, 93-91, 05", 114, 123 , 242' 
Giamtes, 206, 216, 287, 336, 366 
Pio-Cambiiiin, 95-96, 101-103, 104, 
109, 111, 112, 114, 120 
Giaphite, 109, 126 
Giaptolites 522, 526 
OrdoMcian, 163, 172, 173, 175 
Siliuian, 198 

Glasses, 20-', 381, 492-493 
Glazing, ellocl of, on tc'cth, 461, 476, 
488, 493 

Gieat Lakes, 453-456 
Pie-Camhiimi, 106-111, 112, 113, 114 
Gieou Rivoi, basm, 404, 405", 409, 414 
in CciiozoiL, 409 
shale, SS", 414, 415 
Gieenlnnd, Caledonian folding, 187 



INDEX 


562 

Fmfc Union foimalion, 376, 377, 410, 411, 
414, 433 

“Fohsil controveisy,” 48-50 
Fas'll! Foiost National Momimcnl, 
323’^, scp also Foie&ts, 

Fos&ils, 31-56 

as domimenth of pvolutioii, 52 
chmutio implications of, 51-52 
cbstoilion of, 46-47 
geogiaphic significance of, 50-51 
guide, 8, 52, 133 
mtf'ipietations of, 47-53 
natme of, 32-33 
piesoivation of, 33-47 
ipionatiiiction of, 53-55 
Fountain fmmntion, 259, 373'' 

Fox Hills sandstone, 371'“, 376, 411' 
Foxhall flmts, 505 
Fianciscan seiips, 343 
Fiodoiick, Oklii, aitifiu'ts, 517 
Fiogs, metamoipliosi.s of, 61 *• 

Fusulmes, 265, 270. 277+, 304, 305', 621 

Galactic .system, 78-77 
Galice foimation, 337 
Gamnche foimaliou, 189 
Gan(jamopU}is, 301 
Ganoids, 274 

Gaseous hypothesis ol Eaitli ongiu, 83- 
89 

Gasjie, Dei'onian della, 205 
Oidovitun, 159, 161 
Siluiian, 185, 1S9 

Gastiopods, 522, 534^-535, mc «/so 
Snails 

Cambiian, 145-146 
Cietaceous, 392*, 393 
Devonian, 219, 221+ 

Juiassic, 353 
Missis&ippian, 247 
Oidovieian, 168, 172, 178', 179 
Pemiisylvanian, 274 
Peimiaii, 304 
Siluuan, 191, 108 
Ti lassie, 331 
Goneia, 522 
Geologic, column, 7-12 
time chait, 7, 18-20 


Geosvnclmcs, 14, 15'", 129, 130, see nhtj 
Acadian, Appalaihian, Coidil- 
IcKin, etc 

Gmgkos, 345, 3S1, 541 
Glacial ages, 440-442, 451 
Glaciation, wc ahci GI.icicis and Til- 
litos 

I’pimun, 207-303 
Pleistocene, 430-458 
Pic-Ciimluian, 120-123 
GLicioi National Paik, 08', 90, 100 
12 H, 126 ^ 438 

Gliicieis, Ciclaceoiih, 37S, 379 
Glass sponges, 145 
Glauconite, 360 

Glen Canyon gioii]), 337-338, 330 
Glenoglo foimillion, 161 
Gfosso/iteiis lima, 300-301, 307 
Glvptodonts, 101, 402, 617 
Gogebic non oie, 115', 110 
Gold, 114, 118-119, 120, 337, 315, 378 
433 

Goiubvana land luidge, 296, 307-308 
Gomatile.s, 247. 274, 301 
dniiiopln/llitm, l')4 
Cowg.uiila tilbb', 107, 121 
Gland Canyon, 0-12, 18 
CenozuK, US', 119-421 
Missi,s..,!lipi,in, 211, 212+ 

Peirniaii, 203-206 
Pie-C,imbiian, 03-98, 112, 113 
Giand Canyon, distiiibanco, 97 
.system, ')3-'J4, OS'!, 111, 123, 242'- 
Giamtes, 206 216, 287, 336, 366 
Pie-Cambimn, 95-06, 101-103, 104, 
109, 111, 112, 114, 120 
Giaphilo, 109, 126 
Giaptobtos, 522, 526 
Oido\ ician, 163, 172, 173, 175 
Sibil i.m, 108 

Glasses, 20", 381, 492-493 
Glazing, ofleci ul, on teeth, 401, 470, 
488, 493 

Gieal L.ikes, 453-456 
Pie-C'ambi uin, 106-111, 112, 113, 114 
Gieeu Rivei, basin, 404, 405+, 409, 414 
m Cenozoii, 400 
shale, 35+, 414, 415 
Gieenland, Caledonian folding, 187 
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Gioenlnncl, Conozou’ bnpnlts, 431 
Cielaocous dimiiLo 379 
Devonian, 213, 22G 
icp shod, Pleislnoono, 437, 438, 439, 
440, Ifil, 162, 457 
Rilun m oluiialo, 194 
lilhlos, rio-Canibiinn, 122 
“Choonsiuul,” 309 
Gionvillo soiios. IQD, 107-109, 124 
Gioimd-bloths,, Sl-i, 30, 43+, 491, 492, 
515, 516, 517 

Guddalupe, basm, 2S0+. 282', 283-284, 
285+, 292 

.seiips, 280+, 289, 291 
Guelph dolomite, ISS^, 191 
Gulf Coast d Plain, Conozoie, 399, 400, 
401 

Ci’ctaoPQUib, 361-302, 309-373 
Gulf of Mexico, 362, 401 
Giimliolil, 441*, 444, 415, 446, 450 
Gynmospei ms, 541, 640 
Gypsum, 195, 243, 284, 290, 291, 296, 
316, 318, 319, 321, 335, 417, 420 

Ilnhie, 292 
Iliillpy’fc comet, 74* 

ILimbmg khppc, 168* 

Hamilton gioiip, 204*, 207*, 209, 222 
Hdiusbiiift suifaoe, 403 
Hmtwlle uplift, 234, 235 
Heail Mounlam tin list, 365 
Heait-nicliins, 354, 393, 630, 631 
Hedgehog, 469 

Heldei'bei’gum stage, 204*, 207 
Hommgfoid gioiip, 412 
Hcnefei formation, 367 
Heicyman Alps, 230 
Hezedily, 65 
Hoimit shale, 294, 295* 

Heiodotus, 22, 47 
Heiun coal bed, 263 
Ilcspetouns, 388 
Highlands of Wisionsm, 166 
Ilimaliiyas, 255, 430-431 
Hogbacks, 373* 

Hollmgoi mine, 118 
Humu diluvii tBiitis, 49 


Homo nennrlBTtaleti'os, 509-512 
Homo sajtiens, 512-518 
Homologous sliueUnes, 59-61 
Hoiizons, key, 10 

Hoiscs, 20-', 52, 58, 64-65, 400, 414, 
460 , 46H, 462-1, 463, 467, 468- 
409, 486, 187, 4SS, 489, 490, 491+, 
492, 503, 511, 613, 515, .516, 517 
Hoisetovvn fuimalion, 376 
Hull on gioup, 237 
Hudson Rivci beds, 160*, 161+ 
Hiiionun syslem, 101*, 106-107, 114, 
115, 116, 125* 

Hutton, James, 21 
THdiocoi.ilhnes, 193, 219 
Hydioids, 522, 525-526 
HyolUhids, C.ambuan, 142*, 14G 
flyimihi/nikna fauna, 217 

Ice sheets, sue aho Glaciation 
Pleistocene, 436-440 
Pie-Cambiiun, 107, 121 
hhUiyoino,, 388 

Ichtliyosaius, 20*, 36*, 87, 32S, 329, 
340, 349-350, 35 D, 352*, 388, 393, 
522 

Idaho baiholilh, 336’', 366 
IIliiioiiii glaual stage, 443+, 144, 450, 
451, 504 

Illiiiois coal basin, 251, 258, 263 
Iinpeiial mammoth, 43*, 477, 489, 490, 
517 

Imprints, 37, 38*, SIS’* 

India, Cenozoic uplift, 430-431 
Pennsylvanian oiogeiiv, 255 
Poimian glaciation, 298, 301, 302, 307 
Pie-Cambiian gl.icialion, 122 
Indiana limestone, 239, 240* 

Ingloside foimalion, 260 
Insectivoies, 20*, 389, 460, 464, 465 
486, 4S7 

Insects, 20h 57 ^ 522, 537 
Cenozoic, 415 
Cietaccous, 393 
Devonian, 230 
an ambei, 37, 39* 

Juuissir, 344, 315, 347, 318*, 350 
Mississippinn, 247 
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Insects, Pennsvlvamaii, 265, 271-272 
Penman, 281, 301, 3021- 
Intej glac lal ages, 440-442, 451, 450, 457 
Intel mont basins, of Roeby Moiintiuiis, 
404-415 

Intel lotiauiiig, of foiinaliQiis, 11-12, 
335, 374+, 375+, 376 
lowiiii gla( ml .sulistage, 451 
Ipswich flints, 504-605 
lion, 114-116, 117*, 196, 500 
lion Age, 408, 504 
Isotelu!^, 179 
Ivoiy, fossil, 490 

Jackloik sandsLone, 241 
Jeans, Sii James, 83-89 
Jefheys, ILuokl, 83-89 
Jellyfish, 37, 123, 145, 147, 35S, 525 
Joggins aiea, Nov.i ,SgoIui, 267, 272 
John Dav basin, 44, 415, 428 
Jiuassie peiiod, 8, 20*, 29", 332-358 
climate, 344-315 
ooonomic iosoukcs, 315 
life, 345-367 

oiogwiy, 20*, 336-337, 313 
plivaiinl hisloiy mid paleogi-ogiapliy 
333-337 

stiatigiiiphy, 337-343, 401 
voleiiiiisrn, 335, 343 

Kaibab limestone, 9, 18, 280*, 293. 
295* 

Kalgooilio raining disLiict, 119 
Kansan glacial stage, 443*, 415, 450, 
451, 504 

Kansas dead sea, 283 
Kaiioo foimation, 304 
Kecwatiii senes, 103-104, 105*, 114, 
117, 118, 123 
Keupei, 309 

Keweenawan system, 101", 100-110, 117 
Kindeihook senes, 232 k 239, 242 
Kiiklund Lake mining dislncl, 118 
Knite Lake senes, 104, lOO*, 111 
Knoxville loiraalioii, 337, 343 
Koch, Laugo, 226 
Kooteiidi foimation, 373, 378 
Kunguiian seiie.s, 297 
Kuttung senes, 243 


L.diiiidoi 1 iiigp, 110 
Lahyuiitliodfiiils, 20'', 225*, 226-229, 
268'. 273", 271, 290, 301, 302, 
303k 318, 322, 325, 522 
Tjafi-oliUis, Blai'k TblK, 428 
Lake, Agiissm, 137', 448, 452, 466 
Algcmciinn, 1,52 
Boiiriei die, 400 
l''loiissan(, 44, 415 
Supeimi, 11.5-116, 451 
Lainpasau tniie, 250'' 

Lance loiinalioii, 386, 411"' 

Land miiraals, fiist, 214, 226-228 
Land budges, 51. 216 206, 307-308, 452, 
469, 473, 476. 4SS, 101, 402 
Land planls, Cietaceoas, 373, 371, 379 
Dexoman, 229-230 
Juiassie, 345 
Hdinian, 100, 201 
Tilassie, 313 

I;aiuls, am lent, lestoialion of, 2-3, 0, 
s(( aho P.ileogeugiaphv 
Laiamide Hnolulion, 20k 300*, 364r- 
368, 373", 378, 394, 101, 417 
Laiamie, gioup 375 376, 383, 388 
Ilivoi, C('no/oie, 409 
Ij.diili loiiualion, 421 
Lanienlian, gianile, 101, 105*, 111 
levoliilion, 20*, 111 
senes, 102*, 103', 107-108 
laiuienlide lec .shecd, 430, 438, 439, 440, 
452, 453 

Tj.iwson, A C , 104 
Lead, 239 

Lead-uiaranm latio, 26, 27, 28, 102, 
109 

Leadv'illo legion, 235 
T,ocU clay, 453 
Lemuis, 59*, 481-183 
Leonuid senes, 280*, 289, 290 
Lppido(Unthuit, 268*, 260, 270, 279 
300", 301, 511 
Lepidopliytes, ,511, 511 
Lexalloisi.iii sl.ige, 501 
1 loxvis tin nsl, 365 
Lima, Ohio, ml iield, 169 
Lirnnohcelit,, 268k 303, 304* 

Lingula, 174, 188 
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Llanoiiu, 128’^, 130, 154-^, 233, 234, 235, 
241, 240, 250'^, 252, 254 255, 259, 

282, 302, 401 

LobstciH, 330^, 331, 353 , 350*, .522, 538 
Lotkpoil, (lolomiio, 188-'', lOQi", 191 
I,ocss, 441”, 444, 445 
LogtUi, >Sii IVilhum, 101 
LogiiuV liiK’, 158, 159 
Tjovohind Inoss, 444 

Lowoi Cdinliiiiui, 129, 131, 132, 133, 134, 
135, 130, 137, 138, 139, 140, 143, 
144, 145, 146, 150, 151, 152 
Lawei CaibunilciQUs, 231, 5t'e aho 
Missi'isippiim pciiod 
Lower Cicliueou-i, 29'', 361, 362, 369, 
371, 372, 373, 376, 377, 378, 379, 
SVC (iho Comant'ho seucs 
Lowoi Dew Oman, 203, 204”-, 207-208 
Low Cl Oulovicnin, 155, 157, 159, 160, 
163-164, 171, 172, 175, i,ec uhu 
Cuuiulum 

Lowoi Peimmii, 280”, 281, 282, 285, 
289-290, 301 

Lowoi Hilunnu, 183, 181'", 187-188, 189, 
190, see also Mcdiiian c'pocli 
Liingfislioh, 223-226, 325 
Lyoll, Sii Cluiilos, 397 
Lvori-i foi null ion, 259 

McNiuiy ‘.luid, 18, 370 
Madison liiiioslone, 241 
Magdaloiiun stage, 504, 514 
Mammals, 57*, 459-496, 522, 639, 541 
Ciolainous, 376, 389 
Eocene, 460, 467 
first, 352-353, 354-" 

Juiassic, 342, 351-353, 354* 
migialioiis of, see Migiatious ol 
mammals 

Miocene, 468, 470, 471, 472, 473, 476, 
480, 483, 484, 488-489 
Oligoccne, 428 
Palooiciip, 411, 464-407 
Pleistocene, 471, 476, 477, 480, 484, 
489-492 

Pliocene, 469 , 471, 472. 473, 474, 476, 
479, 480, 483, 489 
trends in evolution of, 459-463 
Mammoth Cave, 240 
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Mammoth coal bed, 262" 

Maiiimotlis, 31, 32+, 33, 452, 477, 489- 
490, 192, 502, 511, sec’ aho 

Woolly inammolh 
Mammui amuitamis, 470, 490 
Mammulhuk, 477 
aitzonje, 489 
cnliunln, 490 
tmpciaioi, 490 

Man, sir also Peking man, Neaiideital 
man, oti 

fossil, 19”, 59', 497-518 
m Noith Ameiica, 51,5-518 
Mankato glacial siibstage, 450 , 451 
Manlius limestone, lOO”", 161’" 

Maialhon distiii banco, 251-255 
Maible, 170, 171" 

Mai fa basin, 283”", 281 
Mai me foi mat ions, and fossils, 45-46 
Maiiposa foiinalion, 335, 337, 343 
Maisupials, 20", 389, 465, 486, 487 
Maitii tlinisl, 286, 288”" 

M.ai tmsbiiig shale, 165, 166, 108* 
Maslodons, 42, 43, 49, 475-476, 4SS 
489-490, 492, 515, 516, 517 
M,uich Chunk gioiip, 237, 243. 247, 218 
M.izatzal icvolution, 97, 114 
Medicine Bow fonnalion, 367 
Medina sandstone, 185, 188 
Modinan epoch, 185, 190* 

Meiamec senes, 239 
Meiood Rivci valley, cioss-piofile of, 
424+ 

Moiostomcs, 148+ 

Mes.ibi non oie, 116-116, 117* 
Mesavcide foimalion, 367 
Mesocoidilleian geanticline, 334*, 339, 
360*, 363, 366, 372, 375 
Mesolithic stage, 604 
Mesozoic eia, 16, 19+, 28, 29* 

Metals, fiist use of, 500 

Moteoiites, 75*, 76, 81 

Meteois, 75-76, 81, 82 

MeMcan geosvncline, 333, 361, 362, 371 

Michigan basin, 204*, 211-212 

Muaofossils, 277 

Mictaw gioup, 160 

Mid-Continent, coal fields, 258-259 
263 
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MiJ-Contmeat, oil lieldf., 169 
scMwiiy, Pcninian, 280*, 282-283 
Mulflle Cambiian, 36, 131, 132, 133, 
134, 135, 136-137, 138, IIQ, 143, 
146, 147, 148^ 149, 151 
Middle Devoniiin, 203, 204*, 206, 208- 
210, 211, 212, 213, 222, 229 
Middle OulovuMiin, 167, 161, 166-167, 
170, 171, 172, 177, 179, see also 
Chiunplainiim seiiof, 

Middle Pemuaii, 280', 285, 288, 301 
Middle Si liman, 183, 184*, 185, 187- 
189, 190-193, 194, 198, see also 
Niagainn epoch 
Midland basin, 283*, 284 
Midway loimalion, 399, 411 
Migiations of uuunmal.s, 442, 452, 467, 
469, 470 , 473, 474, 470, 486, 488, 
489, 491, 492, 502, 503 
Milky Way, 76-77 
Millstone giil, 231 
MmneUisa foimation, 260 
Minnesota, pieliislouc human lomams, 
617-518 

Miocene epoch, 20'', 29'', 51, 397 
ehinalo, 432 

economic icsoiuces, 433, 434 

hfe, 468, 470, 471, 472, 473, 476, 480. 

483, 484, 488-489, 493 , 494 , 495 
of Cenlial Coidilleian logion, 417, 
420, 421 

of Eaalcin Noitli Aineuca, 399, 400 
of Pacific hot del, 424 
of Hooky Moimtams, 408, 410, 412, 
413 

oiogeny, 19*, 424, 425, 426, 428, 420 
Mississippi, basin, Cambiiaii, 139 
Mississippiaii, 232*, 233, 239-241 
delta, 400 

Hivei, Pleistocene, 447-448, 454*, 456 
Mississippian peiiod, 20*, 29*, 231-248 
climate, 243 
life, 243-2'18 

oiogeny, 20*, 233, 234-236 
physical histoiv and piiloogoogiaphv, 
233-236 

fetiatigiaphy, 236-242 
volcaniMii, 236 
Missoula foinialioii, 100* 


Missouii Hiver, Pleistotcno, 453 
Moonkopi loimiition, 310, 317*, 318 
Moeril,holes, 474'’, 475 
Mohiiwhinn giQup, 167 
Mohisse, 429 
Molds, 37, 38' 

Molliise.s, 571-, 142*, 145, 275*, 522, 
533-537, see also G.islioiiods, 
PcleeypQils, eli 

Monkeys, 20*, 462, 481, 482, 483 
Monoti ernes, 353, 541 
Montana gioiip, 374*, 375, 411* 
Monyonu Mmintiiiii.s, 250'' 

Moon, 73, 83, 87 
Moui/ius, 471, 487*, 488 
Moiiihon loiinalion, 336, 340', 341-343, 
352, 364' 

Moiiow foiiiialion, 276 
Mosasimis, 386, 387*, 303, 522 
“Motliei Lode” oie belt, 337, 345, 433 
Mouiilum hnieslone, 231 
Mountains, .indent, ieeonstinotion ol, 
3-6, \(( (thti Piileogeoguiphy 
Moiisteimil singe, 499*, 503*, 504 
Mowiv toini.ilinn, 367 
MuKitiihpidihUes, 328, 351% 389, 404, 
466% 486 

Miiiehison, Sii H T , 181, 202, 279 
Musk-o\, 51, 442, 473 , 474, 492 
Myiiapods, ,522 

Naples gioiip, 200*, 210'' 

Nashville dome, 156 
NaLuial gas, 109, 264 
NaLuial seleilion, 66-67 
Naiitiloids, 20*, 198, 274, 522, 536-537 
N.avajo loimation, 317*, 338, 339*, 344 
NoandoiUiI man, 509-512, 513* 
Nobiaskaii glacial stage, 443*, 445-446, 
460, 451, 504 
Nobiilse, simal, 77 
Nohuhu hviiothesis, 78 
Neolithu stage, 498, 504, 515 
Neohtiis, 499% 500 

Nevadian disluibailee, 20*, 330, 337, 
343, 367 

New Rod Snnd.sloiie, 300 
New Yoik-Vngiiiia fault Liough, Tri- 
assic, 315 
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Ncwaik, faull tioughs, 310-316 
group, 311-316, 322, 323 
NGwfoimdland, 143, 161, 159*, 161*, 
162, 163*, 164, leei-, 171, 239, 243, 
261 

Ncwland limc.slone, lOO* 

Niagaia, tuc&la, 188*, 191 
Falls, Siliiuan soction at,, 191-192 
Niagaian epoc'h, 185 
Nickel, 109, 114, 117, 118 
Niobiaia chalk, 374, 375*, 387, 388 
Noimanskill shale, 165 
Noith Paik, Colo , 365, 404, 405* 
Nosoni foimalion, 288 
Numecs tillile, 122 
Nummulitcs, 494, 521 

Ochoa scuos, 285*. 289, 291-293 
Ogallala group, 412 
Ohio Rivei, m Ploistocciu', 453, 454* 
Oil, ICO Poll oleum 
shales, 414 

Oklahoma, City oil pool, 169 
Moiinlaiiis, 250*, 252, 253* 

Old lied Sandslotio, 181, 182, 202, 214- 
215, 229 

Olcncllus, 52, 133, 141* 

Olonua, 152 

Oligoocnc epoch, 20*, 29*, 397, 398*, 
429 

climate, 51, 431 
economic lesouicos, 433 
life, 40*, 468, 470, 471, 472, 473, 475, 
478, 480, 482, 483, 484, 487-188, 
493, 494 

of eastern Noilh Ameiica, 400 
of Pacific boicloi, 424 
of Rocky Mountams, 409, 410, 411, 
413, 415 
volcanism, 428 

Onondaga limestone, 206*, 208, 212* 
Ontogeny, 61-63 
OnychopliQia, 147, 148* 

Oolite boiics, 333 
Oquiiih f 01 mail on, 280, 296 
Oiang-oulan, 482*, 483 
Oideis, 521 

Oidovician peiiod, 17, 20*, 29*, 154- 
179 


OidovKian pciiorl, climate, 161-162 
divisions, 17, 157 
life, 171-179 

mmeial ipsouices, 169-171 
oiogeny, 20*, 158-161 
physical hisloiy and paleogpogiaphy, 
156-162 

sluitigiaphy, 103-158 
volcanism, 160-161 
Oiead foimatiou, 259* 

Oieodons, 472, 486, 487, 488, 489 
“Onginal ciiist” of Eaith, 102 
Oiiskany sandstone, 207 
OinithopocK, 348 
Osage senes, 232*, 239, 242 
Ostiiicodcims, 172, 173*. 199 
Ostiacods, Oidovician, 179 
Pomisvhanian, 276, 277 
8iliuian, 109 

Ouachita, di.sluibanco, 235, 287 
gcosyni lino, 401 
Cambiian, 128*, 130, 131, 139 
Mississippian, 232*, 241, 249, 250, 
251, 252, 255 
OuloiKian, 154*, 155 
Pennsylvanian, 249, 250*, 251, 252, 
265, 259 
Mountains, 287 

Oystois, 340. 353, 392+, 393, 522 
Ozaik dome, 139*, 156 

Pacific Coast, Cenozoic, 422-424 
Cietaicous, 363, 366 
Juiassic, 335-337 
Tiiassic, 318-320 

Pacific Coast geosynchne, 310*, 318- 
320, 336, 343-344, 363, 366 
Painted Deseil, Aiizona, 316 
Palcocene epoch, 20*, 29*, 397 
hte, 464-467, 478, 479, 482, 484-486 
of eastcin Noith Ameiica, 399 
of Rocky Mountains, 410, 411, 412, 
413, 414 
oiogeny, 19* 

Paleogeogiaphic maps, Cambiian, 128 
Cenozoic, 398* 

Cictaceous, 6*, 360* 

Devonian, 204* 

Jiuassic, 334* 
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PaleoRPORiapliic maps, Mipsissippian, 
232+ 

OifloMcum, 151+ 

Poimsyl\imian, 250+ 

Poimi.m, 280+, 285'’ 
iSiliiu.ui, 184+ 

Tnnssic, 310* 

Paloogeogiaphy, 1-6, 333, fpc <ihu 
Cambium ppiiod, Dm'oinan pi'- 
iiod, etc 

Paleolithic stage, 498, 500, 502 
Palooliths, 499+, 500 
Paleontology, 32 
■ind evolution, 63-65 
Paleozoic eia, 10, 20+, 29+ 
age of, 28 

Palisiide distmbance, 20+, 320 
Palisades, of Hudson Ruci, 315, 320 
Paluxy sand, 381 
Pantotheiia, 352-353, 389 
Puiadox foimation, 260 
Pwadoxidcs, 140, 141+, 143+, 151 
Pnikwood foiraation, 235 
Ptiluxpnl, roimiition, 381 
Payette foiination, 421 
Poiuly nautilus, 533, 636 
Pont, 205, 441, 442, 444, 445, 440 
Peking man, 507-509, 512+ 

Polecypods, 622, 633-634, sea ahu 
Clams 

Cambiian, 140 
Cietacpous, 392+ 

Devonian, 219, 221+ 
iluiiissic, 363, 356* 

Oidoiician, 176+ 

Pennsylvanian, 274 
Penman, 304 
Tiiassit, 330 

Pennsyhanian peiiod, 20+, 29*, 249- 
278 

climate, 264-266 
CLonomic icsouices, 200-201 
hfe, 267-278 
oingeny, 20+, 251-250 
physical hisloiy and piileogooginphy, 
249-266 

stiatigi iiphy, 256-260 
Penokoiin lange and oiogeny, 20+, 110, 
111, 112, 114 


Penliciuiles, 241*, 245 
Pcuod.s, 17 
Peiissodiietvls, 463 
Poimian iieiiod, 2()+, 29+, 279-,308 
age, 28 

cliniale, 283, 284, 291, 292, 29,3, 296- 
290 

hfe, 297-308 
oiogenv, 20+, 285-288 
phy.sual liistoiy and paleogeogiaphy, 
281-285, 307 
sliatigiaphy, 288-206 
loleanism, 285, 287, 288, 201 
Pcimiiieiah/iiilioii, 34 
Pctiilaclion, 34-36 
Pctiified Poiest, Aii/ionii, ,318, 323 
Petioleiiin, 169, 264, 372, 378, 432-133 
Plianeiozoio eon, 17, 20+ 

46 P, 400 

Plio.sphoiia foimation, 280+, 205 
Photofepheio, 70 
Phyl. 1 , 521 
Phylldcaiid.s, 148+ 

Plivtosaiiih, ,318, 325 
Pieiie ,sliale, 374', 375, 386, 411 + 
“Pigenii B.ink,” li.iy of Niiple,s, 174 
Pillow lava, 10,1, 101, 162'' 

PilUlown imui, ,504 
Pithccunllnoini,-,, 505-507, 612+ 
PiUsbuigh coal bed 262, 263+ 
Pluiiotcsim il hypotlie.sis of Eaith on- 
gm, 80-83 
Plane I Olds, 74, 82 

Pl.inels, 71-72, 80, 81-82, 83, 84-86 
Plants, 541-646 
Cambium, 140 
Cenozoic, 411, 115 

Ciebiceous, 360, 370, 374, 376, 370 
370-382 

Devoniim, 203, 200, 213, 214, 215, 216 
217, 229-230 

Mishisisiiipiaii, 237, 211, 218 
modem, .siiuad ol, 370-382 
Poimsj IvMiii.ui, 25b, 264 
Peiniiuii, 281, 200-301 
Siluiiaii, 199-201 
Tuassic. 313, 321, 323-325 
Plaltville Imiestouo, 448 
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Pleistopeiip pporh, 20*, 29*, 397, 436- 
458 

climalc, 432, 441, 442, 444, 445, 446 
u’P agp, 437-458 

hfc, 469, 471, 473, 474, 477 , 480, 484, 
490-492, 494, 501, 503, 504, 505, 
507, 509, 511 

of Ceiitial Coidillpian ipgion, 421 
of Gloat. L.ikos legion, 404, 446 
of Pacific hoi'ilei, 422, 424 
of Rocky Moimliiins, 407, 412 
oiogcny, 19*, 425, 426, 428, 429, 431 | 

Plposyiongiii, 139, 143-144 
Plpsiosams, 20^ 328, 329, 349, 350, 352', 
386, 393, 522 

Pliocono opoch, 20*, 29*, 397, 398* 
climafc, 432 

economic losmiicoR, 433 
hfo, 469, 470, 471, 472, 473, 474, 476, 
479, 480, 483, 489, 493, 500, 505 
of C'cntinl Coidillpian logion, 417, 
421 

of Pacific hoi dpi, 424 
of Rocky Mountains, 408, 410, 412, 
413 

oiogcny, 20', 426, 429 
lolcanihni, 428*, 431 
Poioiio gioup, 237, 238*, 239 
Pollen analyses, and glacial hisloiy, 
442, 444, 445, 446 
Poiciipinc iiiining di.sliicl, 118 
Poiifeia, .ICC Sponges 
Poll Ailliui raining distiict, 117 
Potassium salts, 292, 297, 369 
Potsdam sandstone, 138 
Potteiy, 515 

Powdei Rivpi basin, 404, 405* 

Pi ail IPS, spipad of, 492-493 
Pie-Cambiian, 20*, 29*, 91-127 
ago, 28, 103, 109 

classifiiill 1011 and coiiclation, 112-113 

(Innate, 107, 120-123 

distiibntion, 92 

divisions, 102, 11.3-114 

giamtes, 102-103, 104, 109, 111, 112 

life, 123-126 

mmcial wealth, 114-119 

of Canadian Shield, 100-111 

of Gland Canyon, 93-98 


Pie-Cainbnan, of other continent.s, 
119-120 

of Rooky Mountain logion, 98-101 
oiogeny, 19*, 95-96, 97, 104, 110-111, 
112, 113, 114, 119 

volciimsm, 97, 100, 102, 103, 109, 111, 
114, 119, 120 

Pnmates, 460, 464, 466, 481-484, 486, 
488, 515 

Pioboscidums, 474, 489, seo also Ele¬ 
phants and Mammoths 
Pioductids, 246*, 247, 304 
Pwlalrdadui, 125 

Pioleiozoic eia, 16, 20*, 29*, 91, 113, 
114, 126 

PwLocciaiops, 384, 386* 

PiotoplcMUt, 223-225 
Pioto/oa, 57*, 175, 522, 523 
PioMniPS, faunal, 161 
Pseudomoiphs, 36 
Psoudoschwanrinia, 289, 305* 
PlemnndoH, 387 
Plcndopliytps, 541, 543 
Pteiodaotyls, see Pteiosams 
Pteiosauis, 20*. 39*, 346*, 348, 360*, 
366, 357, 375, 387, 393, 522, 540 

Quateiimiy, 396 

Queenston, delta, 154*. 156, 167-168 
shale, 167-168, 190* 

Quicksand, and fossils, 44 

Radioai ti\ ity, 25-29, 70, 113, 114 
Radiolaiinns, 125, 522, 524 
Radium, 119 

Rainbow Natiual Budge, 338 
Ramdiops, Tiiassic, 313, 314 
Rainfall, fiist, 88 

Rancho La Biea, 41-42, 43*, 479*, 480, 
481*, 491 

Rav.ilh ipdbeds, 100* 

Recapitulation, law of, 61-63 
Redbeds, De\ onian, 206*, 209-210, 

212*, 217-218 
Juiassic, 337-339 
Mississippian, 237, 243 
Pennsylvanian, 235 
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RodbpdB, Ppinuan, 280*, 283, 284, 200. 
292, 293, 294, 205. 297, 302 
PiG-Oambimn, 04. 09, 109, 110, 113, 
121 

Silmiaii, 194 

TiuisMi', 310 ^ 312, 313, 311, 316-31S, 
319, 320, 321, 327 

Rcchvall liniPhtoiic, 9, IS, 241, 291*, 
295* 

Roofs, 282*, 2S4, 291 
algal, 126*, 144, 140*. 172 
biyozQ.in, 192* 

coial, 211''. 218*, 206*, soc nho Coi.il 
ifiofs 

Ciyplozoun, 164, 166* 
ispoiigG, 144 

Rcmdeoi, 61, 442, 492, 502, 503, 511, 
515 

Replaoomcnl, m fossils, 36 
Repliloa, 52. 57-', 322, 522, 610 
ConozoK, 494 
Cietacooiis, 376, 383-387 
JuitUsH-O, 38*, 347-350 
Pennsylvanian, 268*, 274, 276'' 
Permian, 290, 297, 290, 300*, 302-303, 
304* 

Tiiassic, 309, 321, 322, 324-', 325-329 
Revolulions, 16, .see ahu Apiialiicliian, 
Cnsoacluiii, etc 
Eharuptem floia, 243 
RhaetiL, 309 

Elinmphotliynchu% 38*, 346' 

Rhmocei OSes, 400, 460*, 462-', 467, dGO*. 
470, 486, 487, 488, 480, 492 
woollv, 33, 42, 489*, 492 
Rhode Island coal taasin, 251, 264 
Rhyme plants, 229-230 
Richmond lime, ISl-*, 168 
Ridgway tilhtc, 432 
Riplej siinle, 18, 370, 372* 

Rocky Moiml.uu, geosvnchne, 333-336, 
seo-i, 361, 362-363, 364, 371, 372, 
373, 374, 375 
licncpLinc, 407, 40S'', 414' 
legiou, Pie-Cambuau, 98-101, 111 
Rock}' Mounlains, biiUi of, 3G4 
Cenozoic hisloiy of, 395 , 398*, 401- 
410 


liodruls, 461, 465, 4S0, 487, 4S9 
Rudistids, 393, 394 

Russia, Penman, 279, 285, 288, 207, 200 
301, 302 
Tii.issie, 321 
Rusllei foiiualioii, 202 

Siibei-looUipiI Ligpi, 43'', 480, 481-', 401, 
510 

Paint Authonv I’liHs, poslglaenl Ins- 
loiy, 416-418 

Saint Linvipiu'e Ri\pi, Plpisloi piie, 450 
Sami IjOUis limostoiip, 18 , 238*, 240, 
245, 246 

Sainic Gpiipvipvp hnicstoiip, 238'“, 210 
Saliido foiiualion, 202 
Salem limeslonp, 239, 216, 217 
Salma gioup, 184'', 105 
Salinity, cllecl of, on faunas, 152 
Sail, Ceno/oK ,417, 420 
111 sea, 23-25, 8,1 

Ppimian, 282, 283, 284, 202, 296, 207 
Silmian, 183, 185, 193-104, 19,5, IOC 
TiiassK, 310, '321 
S.ill Cipek oil field, 378 
San Aiigrl man, 517 
Sim Oiinfie I'onglrmieiate, 3 
San R.ihiel gioup, 337, 339-340 
Sangamon mtoigl.icial singe, 441, 450, 
451, ,504 

S,iih.icli foiiniilion, 161 
Satellites, 72-74, 86-87, 89 
Saiuopods, 317, 382 

Sialc liecs, 20*, 228', 229, 265, 208*. 
209-270, 209, 300, 325, 541, 644, 
.sec nho Lrpnludcndi on and ,S't- 
(liUa> ta 

Senndmai la, Phisintcne ice sheet, 430, 
4,38, 152 

Pic-Cainhium, 110, 122 
Siheiiehzpi, ,Tob,uin, 40 
Scliooley iieucpl.ino, 402, 403'' 

Scoi pious, 201, 271, 272, 522, 538 
Seouiuig wishes, 267, 323, 324, 34,5, 
346', 541, 643-544 
Soaham tillilc, 243 
Sealeicl, tbanges iii, 13, 132, 462 
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Spas, ancient, le&toiation of, 1-2, C 1 
ppciiio, 13 
maisinal, 13 

Sea-ui chins, 50, 245, 276, 354, 522, 530- 
531 

.Seaweeds, 218i, 541, 542 
Sedgwick, Adam, 181, 202 
Sedimcnl.s, and genloRit lime, 22-23 
Seed feins, 20-<-, 228+, 229, 205, 267, 
209, ,300, 325, 541, ,541 
Seme Rivei .sciies, 104, 105+, 114, 124 
Selma chalk, 18, 370, 371+ 

Seiica, 17-18 

Shaiks, 20+, 222, 247 , 281, 288, 486 
Sh.awanKunk foimation, 188 
Shields, 92 

.Shinaiump eoiiKlomeinte, 317 
“Ship-hzaids,'’ 300+, 304+ 

Sioim Nevada, 410+, 422-424 
biUliolilh, 330 

Runllmm, 268+, 269, 270, 270, 301, 325 
Sduiian pcuoel, 20+, 181-201 
climate, 193-195 
life, 190-201 
inmei.d lesoiiiecs, 196 
01 ogpiu, 186-187 

])lnM(,d Instoiv and p.doogoogiapliy, 
183-187 

stiiUiginiihv, 187-194 
lokamsm, 185 

.Sihei, 114, 117-118, 378, 433 

Svinilihuj'piis, 507-509 

Siveh foimation, 9S+, 124-', 126+ 

Side hell, Oiikn'Uinn, 165, 169 
tirmluilon, 13+, 480 ^ 491, see also 
.Saboi-1 ool bed bgei 
Smith, Mblham, 8, 332 
Snails, 20*, .522, 533, 534-535, see also 
Gastiniiods 
Dovoni.m, 218'’ 
land, 271, 272, 342 
Snaka.s, 495, 522 

Sodium, 111 s(M, and geologic Uine, 23- 
25 

Soliii, di.siii))l]on, Iheoiics of, 78-80 
nebula, 81 

piQinmences, 71, 80, 83 
system, 68-76 
Solenhofon fossils, 356-357 


Solutiean stage, 499*, 503*, 504, 514 
Soudan foimation, 104, 114 
South Afiiia, apes 111 , 484 
gold m, 118 

Pei mum, 297, 299, 302, 303, 304 
Tiia&sic, 321, 327-328 
South Ameiicii, Cenozoic ologony, 429 
Ciotaccous oiogeny, 368 
Cietaccous poll oleum, 378 
Pennsylvanian oiogcriy, 256 
Ppimian glaciation, 298 
Triasaie reptiles, 328 [410 

South Paik, Oolo, 365, 404, 405', 409, 
South Plafte Rivei, Cenozoic, 409-410 
Speaifisli .shale, 319 
Special Cicidion, 58 
Spoeics. 522 
oiigm ol, 67 

Spidois, 230, 271 272, 622, 538 
Sponges, 20', 57', 522, 524-625 
Cambium, 143, 147 
Dcionian, 218*, 222 
Jui.issie, 344 354, 366 
Oidovici.iii, 175 
Pie-Cumbiian, 94, 123, 125 
Sqiianlum lilhle, 299 
Squids, 354, 522, 633, 535-536, 537 
Stage, 18, 207, 413-445, 451 
Stanley .sh.ilc, 241 
Staifishes, 20*, 522, 530, 531 
Dciomau, 222 
Mississippian, 245 
OidovHian, 176*, 177 
Siluiian, 198 
Tiiassic, 331 
Siam, 76-77, 78, 80 
Stegosams, 342, 346*, 348, 350*, 382 
Sligmaiui, 270 
Stone Age, 498, SOI 
Stimgoccphalus fauna, 204*, 212, 214* 
217 

Rhomatoima, 219 
Sliuggle foi cMstcnee, 65-66 
Sluitian tillde, 120, 122 
Submeigcnces, ancient, 1-2 
Sudbuiy mining distiict, 117 
Sun. 69-71, 76, 78, 79, 80. 81. 84, 85, 86. 
87, 88 
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Sundance, foimation, 335, 340, 342 
soa, 334-^, 335, 339, 340 
Sunlight, hi 6 , 1 , 88 

Siipai foiinatinn, 11, 12, 18, 291, 295 
Supcipositinii, 7 

Sweden, lecoswoii of iie hlieet, 450 
Systems,, 17 

Table Moiintnra spurs, 217 
Tacom.in, distmbamr, 20*, 156, 1.57- 
161 

Range, 168*, 1841, 187-188 
Taconir R.angr, 157, 158* 

Talchn tilliLr, 298 
Tapeats sandstone, 242i 
Tai.sioids, 4S1-4S3, 484* 

Tatiuian srups, 321 
Tazewell glacial suhslagp, 451 
Teeth, maminnhan, changes in, 460-461 
Terapeiatiuo, changes iii, and faunas, 
152 

Tondagum foimation, 343 
Tentzcl, Eimst, 48 
Topexpnn man, 517 
Toitiiuy, 19*, 390 

Tetliyan geo.syiichne, 256, 321, 331, 429 
Tcluigra/Hui,, 163, 164, 175 
Tctiapoch, 220-229 
I'hcodosin himocijotrh zone, 212, 217 
Thciiodonhs, 20*, 59+, 304, 327, 363 
Thoiium, 25, 26, 27, 70 
Thuist faulting, Cictaccous, 365-307 
Mississippiiui, 235 
Oidovieuin, 157-159, 161 
Peimiaii, 285-286, 288* 

Thiiisls, Alpine, 429 
Tidal foitcs, 79, 80, 81, 84, 85 
Tillitos, Cenozoic, Coloiado, 432 
Mississippi.!!!, 243 

Pic-Cambiian, 107, 119, 120, 121-123 
Timiskaming .seiics, 106, 114, 117, 118 
Timoi, Pcimiaii, 307 
Tilanolhcics, 462*, 470*, 471, 486, 487 
Toiioloway hnipstoiic, 194 
Toiowc'cip foimation, 293, 294*, 295’' 
Tinehodonls, 383', 384 
Tinils, fossil, 37 
Tiaps, Tiiassio, 313, 315 
Tice feins, 265, 268*, 324, 316, 379 


Ticc of Life, 57* 

Tices, fo.ssil, 209, 229, 257, ,srp n!t,o 
Phuihs and Eoiests, fossil 
Tienfou gioiiii, 154*, 160, 166, 167*, 169 
Tiiassu poiiod, 20*, 29*, 309-331 
cdimatc', 321-322 
hfo, 322-331 
oiogoii\, 20*. 320 

idiysic.il hisloiv and paloogrogiaiihy 
ol Noilli Amrudi, 311-,320 
pliisical hislon of othei conlinenls, 
320-321 

lolianisin, 312, 313, 314, 315, 318 
320, 321 

'J'lUPintnps, 52, 382+ 

Tiilohi(('.s, 20*, ,52, .522, 538-5,39 
Cmiiliiian, 133, 134, 135, 136, 140-141, 
MSI, 147, 148 ^ 151 
Deionuui, 219'', 221'', 222 
Missis.sippi,m, 215, 217 
OidoMci.in, 173, 171, NS*, 179 
Ponii.svliam.in, 275* 

Pc'iim.in, 304 
Silmiaii, 197 b 198 
Tin ties, 20*, 3,50, 386, 404, 522, 540 
Tus(alo()s.i foiinalion, 370 
Tusc.iioi.i foiinilioii, 188 
382-383 

Thnta, Imsin, 404, 405* 
foiIllation, 414, 415 
Thntatlii'ies, 414, 460, 486 
Ihigulatcs, 1G6 
UnifoiiniUiianism, 21 
Uppei Cambiiaii, 131, 132, 133, 134, 

135, 137, 138, 139, 140, 143, 145, 
146, 151, 1.52 

Rppci C'.ulionik'ious, 231, .see also 

I’cnn,s\lv.ini.m pciiod 
ITpiiei Ch'Iiu'oijiis, 6*, 29'', 301, .362, 

369-371, 373-376, 377, 378, 379 
ITpiipi Devoiu.iii, 203-204', 206, 210, 

211, 212, 213, 225 

TTppei Oidmiiiiui, 155, 157, 160, 162, 

107-168, 172, 177, 170, 189, scr 
aho Ciiioinnata.in senes 
Uppei Peimian, 281, 284, 285-286, 292, 
301, 303 
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Uppei Siluiian, 183,184^ 185,18D, M3- 
194, 194-195, 198, 199 
Uial Mountain,s, 256, 279, 288 
Uialian geosjnLline, 296 
UiamnilG, 25 
Uiaiiium, 25-28, 70 

Fflirtiio/i?, 303, 304''' 

Vamtion, 65 

Van&can Moimiains, 236, 288 
Vaivcd clays, 448-450 
Vcinon shale, 193, 195 
Vcio mail, 516 
Vcitcbial-cs, 57'', 539-541 
Vestigial sliuciuie,^, 60-61 
Viigilian time, 250'' 

Vishnu schist, 93, 95, 114 
Volcanic ash, and fo,sails, 44 
Volcanisra, Cielaceous, 363, 386, 368, 
377 

Dm Oman, 205, 216 
Jiiias&ic, 335, 343 
MissiShippian, 236 
Oidovician, 160-161 
Peiminn, 285, 287, 288, 291 
Pic-Canibiian 97, 100, 102, 103, 109, 
111-114, 119,120 
Sihiiian, 185 

Tiiassic, 312, 313, 314, 315, 318, 320, 
321 

IVabash aich, 169 
Wahotl, C D, 146, 172 
’Wdiianiicka foimation, 276 
Vkiiping, local, effects of, 14-15 
Wasatch, basin, 405"'' 
toimation, 411, 414, 415, 419''' 
Washita sei les, 342, 362 
Wateilimes, 193 


AVaiicoban seiies, 133, 134'''; sec also 
Middle Gambnan 
Wavpily gioup, 237 
Wawa tuft, 103 
Wellington shale, 282 
Wells foimation, 296 
Whales, 19^ 

White, Mountains 205, 440 
Rnei gioup, 411-412, 428 
AVhitohoise sandslono, 283, 291 
Wichita, gi oup, 289 
Mountains, 252, 253, 282 
AA’ilco\, foimation, 399 
sand (Oidovician), 169 
AVillaul thuist, 367 
AAhnclsoi ginup, 239, 243 
AVmgate sandstone, 338 
AA'isconsm glacial stage, 442, 443-444, 
445^ 150, 451, 504 
V'ltwaleisiand mining (lisliicL, 120 
AVolfcamp senes, 280''', 289-290 
AA'ohes, 479^ 480, 491, 517 
Wood, petiihod, 35*, 317, 318, 323, m 
aho FoiesLs, fossil 

\A''oolly, mammoth, 31, 32*, 33, 452, 
477, 489*, 490, 492, 502 
ihinoceios, 33, 42, 489*, 192 
AA^oiins, 37, 123, 125, 126*, 144, 522 

Yai mouth intei glacial stage, 445, 450, 
451, 504 

Yellowstone Paik, 35, 36, 44, 241, 242, 
426*, 427 

Zeiiglodons, 486 
Zinc, 239, 378 

Zion Canyon National Paik, 317*, 338* 
339* 



